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SUMMARY 
Highway construction as we know it today is a 
high-risk activity with respect to engendering soil 
erosion. In earlier days of road building, when 
rights-of-way were generally narrow and excavations 
mostly shallow, erosion was rarely a serious problem. 
Only occasionally was it considered necessary to 
design and apply specific measures for erosion con-
trol. With the advent of the superhighway involving 
far greater widths of right-of-way, and much deeper 
disturbance of the natural ground to afford the 
horizontal and vertical highway geometry necessary 
for high-speed travel, came a several fold increase in 
erosion potential and a direct need for specific 
action aimed at its control. Highway engineers have 
reacted by revising construction specifications to 
include many protective measures. Increasing public 
awareness of the desirability of protecting the 
environment has been a source of both support and 
pressure in the application of erosion control in 
highway construction. 
Although improvement has been significant, 
unwanted soil erosion and accompanying sedimentation 
resulting from highway construction activity continue 
to be problems. A lack of knowledge within the highway 
industry of improved erosion control measures develop-
ed outside the industry, perhaps some resistance to 
change because of a lack of familiarity with erosion 
control measures, and in some instances a need for 
information not now available anywhere, are probably 
the major contributors to continuation of the problem. 
The present project was directed at improving 
erosion control practice in highway construction by 
providing assistance in all three of the foregoing 
areas contributory to the problem. The principal 
output of the study is a MANUAL of erosion control 
principles and practices for use during highway design 
and construction. The MANUAL focuses on techniques 
for predicting the erosion potential of highway 
construction sites, and for estimating the effective-
ness of various erosion control ~easures. A wide 
variety of control measures is listed and described, 
and information that will aid in selecting measures to 
meet specific site requirements is presented. Design 
standards for control measures, and information on 
such matters as size selection for mechanical control 
measures, are not included in the MANUAL because 
these are already widely available in highway engi-
neering offices. 
To develop the erosion control MANUAL on which 
the project effort was centered, means had to be 
established for es timating the water and wind soil 
erosion potentials on highway cons truction sites and 
the effectiveness of various measures that might be 
considered for controlling the erosion. The universal 
soil loss equation (l, 11, 56), developed by the 
Agricul tural Research Service, was modified and 
extended to serve as a basis for estimating water soil 
loss potentials. An equation developed by Chepil and 
associates (24, 39, 57) was adapted for estimating 
wind soil loss potentials. Appropriate maps, graphs, 
and tables that provide information necessary for the 
solution of the equations for the United States 
and Puerto Rico were prepared and included in the 
MANUAL. Nomographs were constructed and included in 
the MANUAL for solving the equations, and the process 
illustrated by detailed examples. 
Questionnaire returns from 177 sources and visits 
to construction projects in 32 states produced the 
following impressions that are in the nature of 
findings: 
1. Technology is available in the United States 
to control within reasonable limits the 
erosion and sedimentation that may originate 
on highway locations both during and follow-
ing construction. 
2. Erosion control specifications currently be-
ing prepared for specific highway construc-
tion projects are adequate in many instances 
to maintain erosion within reasonable limits 
if properly enforced and followed. 
3. More effective means of ensuring compliance 
with erosion control specifications during 
construction are needed. 
4. Overall construction costs may be lower 
if erosion control measures are implemented 
on a project than if they are omitted. 
5. Erosion amounts can be significant even 
in areas where thei average annual rainfall 
is comparatively low. 
6. Numerous small erosion control measures 
implemented at the proper times and loca-
tions may be more effective and less expen-
sive than a few large or poorly timed ones. 
7. Written erosion control specifications 
are effective only if they are enforced 
and followed by design, administrative, 
and construction personnel. 
8. Training courses for administrative, deSign, 
and construction personnel are needed both 
to create an awareness of the importance 
of controlling erosion and of the advantages 
that accrue from doing so, and to provide 
information on control measures and tech-
niques that are available. 
9. The universal soil loss equation (l, 11, 
56) developed by the Agricultural Research 
Service is probably the best tool presently 
available for predicting soil loss caused by 
rill and sheet erosion during highway 
construction and for estimating the relative 
effectiveness of various control measures. 
10. A soil loss equation developed by Chepil 
and associates (ll, 39, 57) appears to have 
application to highway construction sites 
for estimating potential soil losses due to 
wind. 

CijAPTER 1 
INTROOOCfroN AND BACKGROUND 
JUSTIFICATION. STUDY METHODS. 
AND OBJECTIVES 
Significant damage to the ·enviroIUDent is brought 
about by uncontrolled water and wind erosion resulting 
from construction activities. The sediment that is 
produced pollutes lakes and reservoirs, restricts 
drainage, pollutes surface waters, damages adjacent 
property, and upsets' the natural ecology of streams. 
Oftentimes construction costs are increased and delays 
and repai~s result as a cons~quence of erosion. 
Thus. if even part of the potential damage due to 
erosion can be avoided by gathering, evsluating, and 
disseminating facts and information relsted to the 
prevention and control of erosion and sedimentation 
caused by highway construction, the cost of developing 
this MANUAL. is well justified. 
Th~ study on which this MANUAL is based was not 
intended to generate new data. Rathe-r it{ assembled, 
evaluated, and placed in usable form existing infor-
mation from all known sources that msy be used in 
controlling erosion and sedimentation resulting from 
highway construction activities. Quantitative data on 
erosion from highway construction sites are practical-
ly nonexistent because most erosion related studies in 
the past have been performed on agricultural, range, 
and forest lands. Consequently, much of the infor-
mation presented herein is based on data from those 
sources and modified to apply to construction sites. 
Soil loss equations for both wind and water 
erosion developed previously for agriculture have been 
adapted for use in highway construction throughout the 
entire United States and puerto Rico. Maps, graphs, 
tables, equations, and nomographic charts have been 
provided to assist the user in predicting amounts of 
erosion and planning for its control. 
The objectives of this MANUAL are to 1) present a 
method of determining the erosion potential of any 
particular highway construction site, 2) present a 
method of assessing the effectiveness of measures that 
are currently being used within the United States and 
Puerto Rico for controlling erosion from highway 
construction sites, 3) d~monstrate how these control 
measures can be effectively incorporated into an 
erosion control system, snd 4) list and illustrate 
erosion control measures being used throughout the 
country. 
DEVELOPMENT OF INTEREST 
IN CONTROLLING EROSION 
FROM HIGHWAYS 
The federal government and some states have been 
concerned for several decades about soil erosion 
caused by highway construction and its deleterious 
effects on the stability of the highway as well as on 
off-site values. Most states, however, have been 
concerned about soil erosion from highways for a 
somewhat shorter period of time. The current interest 
and activity in erosion control during highway con-
struction vary greatly from state to state and seem-
ingly depend to a great extent on the customs~nd 
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values accepted by the people. If the streams have 
always run clear, they wish to keep them clear. If 
the streams have always carried a sediment load, they 
may be less concerned about a little more sediment 
as a result of highway erosion. These philosophies 
are reflected in present-day regulations and restric-
tions of the various states regarding requirements for 
controlling erosion from construction sites, including 
highways. A few ststes have passed much more restric-
tive legislation governing the control of soil ero-
sion, even to the extent of making it illegal to 
permit soil erOded as a result of construction to 
enter a stream. In most states, however, legal 
requirement.s for erosion control are not very restric-
tive. In some, they are not even regulatory. The 
increasine pressures that are being experienced to 
clean up the environment can be expected to foster a 
general movement toward stronger regulations governing 
the control of soil erosion from all sources including 
highways. 
CONSIDERATIONS FOR ASSESSING THE 
DEGREE OF CONTROL NEEDED-
Even though methods and measures for the control 
of erosion for an area might be well understood, they 
will not be applied unless a need for control is 
apparent, the decision is made to act, and a rational 
plan is carried out. This MANUAL does not presume to 
usurp or replace the established decisiOn-making 
powers over erosion control. These powers lie with 
the relevant federal. state, and local agencies as 
defined by laws, regulations, procedures, and customs. 
Every erosion c()ntrol problelil' should be resolved 
separately on its own merits. Considerat"ions for 
assessing the degree of control needed should include 
the following: the relative value of the tangible and 
intangible resources to be protected (these resources 
include land, physical structures, water supplies, 
recreational facilities, fish and wildlife, transpor-
tation facilities, human Ufe and aesthetic values); 
cost of su.pplying protection; intensity, return 
frequency, and timing of climatic events; importance 
of off-site water; topography and soil type; type and 
amount of vegetative ground cover; and the legal 
restrictions and regulations pertaining to the area. 
Whenever choices must be mad~ by the people of an 
area, their value system, preferences, traditions, and 
customs all have their effects on the decisions. 
Thus, one group might go to great lengths to protect 
and preserve a resource that would get· little atten-
tion in another ares. The considerations and criteria 
for erosion control should be viewed by those who make 
decisions in light of their own perceptions of what is 
valuable, what is right, and what is acceptable to the 
people. This recognition of differences in values and 
customs should not be used, however, as an excuse for 
inaction or complacency. Resources may need to be 
protected against the few who through ignorance or 
self-interest might seek to exploit them. This MANUAL 
can provide assistance to the decision-makers in 
helping them to determine the degree of control needed 
and to develop plans for implementing these controls. 
EROSION CONTROL PLANNING 
To be effective throughout the life o·f the 
project, erosion dontrol measures should be carefully 
considered during the planning and design phases as 
well as during c~nstruction and operation of the 
highway. This proce~ure will enable many potential 
problems to be averted or ameliorated that might 
otherwise arise either during or following the con-
struction period. Many temporary measures that are 
effect.ive in controlling erosion during construction 
may serve' permanently d,uring the operational period 
if they are· 'kept properly cleaned or otherwise main-
tained. The following s tep's 'should be included in 
every erosion eontrol plan. 
1. Dur'ing the planning stage within the proposed 
corridor of the highway, gather information about 
erosion-sensitive zones and adjacent areas wherein 
sediment, even in small amounts, might become a 
problem. These WGuld include such pla-ces as streams, 
polilds, lakes, inhabited areas, and other high-value 
concerns. 
2,. Identify the loeations which may produce 
acute erosion problems such as steep and deep cutlvand 
fills, sandy zones, windy areas, springs, high water 
tables, erodible soils, ~nd natural drainages. 
3. Consider 1 and 2 in selecting the optimum 
location for the highway within the corridor. 
4. When the route within the corrid,or is fixed, 
determine the values of the parameters in the water 
soil less eq ua·t ion , A - R·K·LS·VM., for each segment 
of highway delineated on the bas'is of siDiilarity of 
erosion characteristics and determine the wat.er 
erosion potential for eaeh. The' req,uired data may be 
ohtained froc apprQp:l."iate maps', charts, tables, 
soil samples, and job specif'icati.ons for ea~ segment. 
Individual seg_nts would normally extend. from. one 
, drain t,o the next .• 
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5. Repeat 4, in areas where appropriate, using 
the wind soil loss equation, E' = I'·C'·K'·V'·L'. 
6. For each segment of highway having an erosion 
potential in excess of that deemed appropriate for its 
location, deSignate erosion control measures for 
reducing the anticipated soil loss to acce.ptable 
levels. Step-by-step procedure~' for accomplishing 
this are presented in the MANUAL. 
7. Include sufficient informiltion regarding the 
erosion cOliltrol plan in the design drawings so that 
there will be no misunderstanding by construction 
personnel as to what is required. Supplemental 
instructions and explanations may be necessary. 
8. Provide adequate means of' enf orcing the 
frequent review and implementation of the erosion 
control specifications. An effect ive means of en-
couraging compliance is to foster proper attitudes 
among contractors ):Iy including erosion control llEa-
sures as bid items in the contract, and by providing 
appropriate training sessions for selected construc-
tion personnel. 
, , 9. Leave those measures in place that can 
continue to assist in controlling erosion after the 
construction phase is completed, provided there is no 
safety hazard created thereby. Adequate provisions 
should be made in the maintenance schedule and budget 
for cleaning and otherwise maintaining these measures. 
The follOWing chapters explain the use of the 
water and wind soil loss equations for calculating 
erosion potentials of construction sites, and for 
evaluating the effectiveness of var:Lous erosion 
control measures. The cutl,ined procedures permit one 
to det'ermine the amount of control needed to decrease 
soil loss from an area to any predetermined level. 
Note: Erosion losses from wind and from water do 
not normally occur at the same time, but when calcu-
lated over time, which includes both the wet and 
dry seasons, the results may be additive. 
CHAPTER 2 
SOIL EROSION CAUSED BY WATER 
INTRODUCTION 
The universal soil loss equation (USLE) was 
developed by Wischmeier and associates (1, 31, 35, .!!, 
42, 49, 52, 53) for agricultural lands ;'st of the 
Rocky Mountains. A modified equation, based on the 
USLE is used in this MAlIIUAL for predicting soil loss 
due to water erosion on highway construction sites, 
and for determining the effectiveness of various 
eros ion control measures. Each of the parameters in 
the equation affects the amount of erosion that will 
occur on any given site, and its value and use must be 
understood by each decision-maker to enable him to 
effectively control erosion. The modified universal 
soil loss equation used in this MAlIIUAL is: 
in which 
A 
R 
K 
LS 
VM 
A • (2-1) 
computed amount of soil loss per unit 
area for the time interval represented 
by factor R, generally expressed 
as tons per acre per year 
rainfall factor 
soil erodibility factor in tons per 
acre per year per unit of R 
topographic factor (length and steep-
ness of slope) (dimensionless) 
erosion control factor (vegetative and 
mechanical measures) (dimensionless) 
Additional information is presented in the 
appendices for utilizing these various factors in the 
determination of erosion amounts. Appendix B contains 
a nomograph for solving the water soil loss equation 
together with several examples of its use for solving 
practical field problems. Appendix C provides detailed 
examples of water erosion calculations and gives com-
putational procedures for determining the topographic 
factor LS for single and multiple slopes and the 
e·rosion control factor VM. 
RAINFALL FACTOR R 
The rainfall factor is the number of erosion 
index units in a normal year's rain. The erosion 
index is a measure of the erosive force of specific 
rainfall, and is defined for a single storm as: 
R 
in which 
E 
I 
Y-
100 (2-2) 
total kinetic energy of a given 
storm 
the maximum 30-min. rainfall intensity. 
Note: To determine R or EI from rainfall records 
see Appendix E. 
The rainfall factor, R, is computed from rainfall 
records of individual storms and summed over a given 
time interval to obtain the cumulative R value to be 
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used in the soil-loss equation. R is derived from 
probability statistics and thus should not be con-
sidered as a precise estimator of soil loss. Its 
value lies in its u~e as a predictive tool and risk 
evaluator. Construction activities in areas with high 
values of "R" will require greater attention to 
erosion control practices than similar construction in 
areas of low uR" values. 
The R factor maps prepared by Wischmeier and 
Smith <2£) cover most areas east of 1040 west longi-
tude but nothing in the western United States, 
Alaska, or the Islands. The present project extended 
these map~ to include the other areas mentioned. 
A publication of the Soil Conservation Service, 
SCS (44), shows a curve for the western part of the 
United States for the relation of 2-year, 6-hour 
rainfall depth to EI values with a correlation (r2 .. 
coefficient of determination) of approximately 90 
percent. This regression in combination with the 
2-year, 6-hour rainfall maps given in Weather Bureau 
Technical Paper No. 40 and NOAA Atlas No. 2 was used 
to construct the national R factor maps of Figures 5-1 
and 5-2 in the map pocket at the back of the MANUAL. 
Similar maps of Alaska, Hawaii, and Puerto Rico 
were derived from information given in Weather Bureau 
Technical Papers 42, 43, and 47. These maps are shown 
in Figures 5-2 and 5-3. 
Wischmeier and Smith <..2!) state that the rainfall 
factor R does not completely des.cribe locational 
differences caused by rainfall patterns and they 
proposed the seasonal distribution parameter which is 
a sigmoidal curve as a percentage of the annual R 
value. They developed a zonal map of these curves for 
part of the United States. Using available rainfall 
data, the present project has extended this map and 
curves to include the rest of the country. The 
resultant extensions are given in Figures 5-4, 5-5, 
and 5-6, located in the map pocket. 
The data for recurrence interval variations in EI 
values given by Wischmeier and Smith (2l) were uti-
lized to develop the recurrence diagram given in 
Figure 2-1 which shows the relationship between the 
annual EI value which has a return period of 2 years 
and that for other return periods. A strong correla-
tion exists between R (the mean annual value) and 
EI (50-year recurrence) with a coefficient of deter-
mination, r2, equal to 0.96 with similar reduction 
for other recurrences. It is, therefore, believed 
that any recurrence desired may be derived with 
adequate preciSion through the use of this figure. 
R values for periods of less than one year can be 
determined from the appropriate distribution curves, 
Figures 5-4, 5-5, and 5-6. 
To illustrate the use of the iso-erodent (R-
factor) maps consider the following example of a 
construction site in the northwestern corner of 
Missouri. From the iso-erodent map which includes 
Missouri (Figure 5-1), it is determined that R = 165. 
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Table 2-1. 
Months 
<'8 
2.6 
Note: 
2.4 
2.2 
2.0 
1.8 
1.6 
1.4 
1.2 
1.0 
1.01 
To determine EI values for other recurrence 
intervals, multiply R by ratio corresponding 
to desired recurrence interval. 
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Figure 2-1. The relationship between the EI/R ratio and recurrence interval. 
Annual distributiona of erosion index EI 
in northwest Missouri. 
Percent R-factor 
/ 
200 
Per Month <blllUlati ve Per Month Cumulative 
Using the map of erosion index distribution curves 
(Figure 5-4) one may detepnine the distribution of 
the erosive energy of storms throughout the year. 
This is shown in tabular form for northwestern Mis-
souri in Table 2-1. This distribution should pe 
considered when estimating the amount of erosion 
control that will be needed during construction 
periods. One should remember also that this soil loss 
equation does not account for gullying or for the 
effects of melting snow, but only for sheet and rill 
erosion caused by rainfall. 
January 1 1 
February 1 2 
March 1 3 
April 4 7 
May 12 19 
June 28 47 
July 18 65 
August 17 82 
September 11 93 
October 5 98 
November 1 99 
December 1 100 
100 
aFrom distribution curve 
1.65 
1.65 
1.65 
6.60 
19.80 
46.20 
29.70 
28.05 
18.15 
8.25 
1.65 
--!.:.ll 
165.00 
No. 31, Figure 
1.65 
3.30 
4.95 
11.55 
31.35 
77 .55 
107.25 
135.30 
153.45 
161. 70 
163.35 
165.00 
5.4. 
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SOIL ERODIBILITY FACTOR K 
The soil erodibility factor "K" has a value 
ranging from 0.1 to 0.7 and is a numeric representa-
tion of the ability of the soil to resist the erosive 
energy of rain. Soils increase in erodibility as the 
value of K becomes larger. As calculated, the factor 
is independent of slope and dependent only upon parti-
cle si:!;e and distribution, structure, void space and 
pore si'ze, and organic matter. The reference base for 
this factor is soil which is tilled up and down slope 
and has been kept in a fallow condition for at least 
two consecutive years. Alterations to the soil 
(caused by such activities as blading and compacting) 
which change its structure and permeability and hence 
the K factor values are accounted for in the soil loss 
equation by multiplying by an appropriate VM factor 
" ,.
t'i· 
, 
~ 
" . 
which will be discussed later. For a first approxima-
tion of the erodibility of soil in a given area of the 
United States, refer to the soil erodibility maps, 
Figures 5-8 and 5-9, in the map pocket. For a 
specific construction site a better procedure is to 
obtain representative samples of the soil in question 
and determine their percentage of silt plus very fine 
sand (0.05 mm to 0.10 mm) and the percentage of sand 
(0.10 mm to 2.0 mm). The percentage organic matter 
should also be determined. With these va:!.ues, enter 
Wischmeier's 1971 soil erodibility nomograph, Figure 
2-2, and determine the appropriate value of K to be 
used in the equation. If, for example, the soil from 
a construction site in northwestern Missouri contains 
65 percent silt plus very fine sand, has 5 percent 
particles in the sand category, and contains 2.8 
percent organic matter, the K value first approxima-
tion will be about 0.28 which corresponds also with 
the erodibility map in Figure 5-8. If in addition the 
soil is determined to have a structural value of 2 and 
a permeability of 4, the K value is 0.31 (structure 
and permeability value ranges are defined in Figure 
2-2) • 
NOTE: VALUES DETERMINED FROM THE SOIL EROD-
IBILITY MAPS. FIGURES 5-8 AND 5-9. SHOULD BE USED ONLY 
WHEN SITE-SPECIFIC SOIL ANALYSES ARE NOT AVAILABLE. 
These maps were prepared from the latest information 
available from the Soil Conservation Service and from 
individual states, but at best are only rough approxi-
mations of soil erodibility values of specific sites. 
In those states where more detailed information 
was not available, values from the national soil 
survey were used. This procedure resulted in some 
instances in soil classifications following state 
boundaries, which, of course, is not according to 
fact. 
TOPOGRAPHIC FACTOR LS 
(see Appendix C for 
additional details) 
The only manageable parts of the soil loss 
equation are the topographic factor LS and the erosion 
control factor VM. The rainfall factor R and the soil 
erodibility factor K have both been fixed by nature 
and cannot be altered by man's activities. The 
steepness and length of many of the slopes in highway 
construction, however, are determined by man after he 
considers the physical setting of the construction 
site and the requirement of the transportation system. ' 
It is obvious that flat slopes and short lengths will 
have less erosion than steep slopes and long lengths, 
but the amount of erosion expected for various combi-
nations of length and steepness is not so obvious. 
The LS factor is therefore a numerical representation 
of the length-steepness combination to be used with 
the rainfall factor R and the soil erodibility factor 
K to estimate the erosion rate potential for a parti-
cular construction slope. Since the slope and length 
are determined by the highway designer, a knowledge of 
the LS factor will aid him in choosing proper combina-
tions of slopes and lengths, and determining when to 
use berms, cross ditches, terraces or other control 
practices which effectively reduce the LS factor. 
For determining the LS factor to use in the soil 
loss equation, the following relationship was develop-
ed by Foster and Wischmeier (11, 48, and personal 
communication) • 
7 
LS 
in which 
LS 
t 
s 
m 
(650 + 450s + ~5s2) 
10,000 + s 
topographic factor 
slope length in feet 
slope steepness in percent 
(2-3) 
exponent dependent upon slope steepness 
(0.3 for slopes <0.5 percent, 0.5 for 
slopes 0.51 percent to 10 percent, 
0.6 for slopes > 10 percent) 
The nomograph in Figure 2-3 has been developed for 
solving the above equation and is used in the follow-
ing manner. The value of the slope length is located 
on the appropriate outside scale of the nomograph. 
This point is connected by a straight line to the 
slope gradient value on the inside scale, and the LS 
factor value is read where the line crosses the center 
scale. ThlCee examples of its use are shown on the 
nomograph. (See also Table C-l of LS values.) 
Referring to Figure 2-3 it is determined that if 
the site calls for a fill slope 100 feet long at a 
steepness of 67 percent (1-1/2:1), the LS factor value 
from the no,mograph is about 27. Reducing the slope 
to 50 percent increases the length to 124 feet (in-
creasing the exposed area by 24 percent), and the new 
LS factor value becomes 20. The erosion rate poten-
tial has thus been reduced to 76 percent of the 
original and the erosion amount (rate x area) to 95 
percent (assuming no erosion prior to exposure). 
Further reducing the slope to 3:1 (33 percent), the LS 
factor value becomes 13 or 49 percent of the original. 
A 6: 1 slope would reduce the LS value to about 7 or 
nearly 24 percent of the first design, but the slope 
length has now more than tripled to 339 feet, and the 
total amount of erosion has reduced to about 81.5 
percent~e original. Cuttiy the slope length in 
half cuts the erosion by approximately one-third or to 
66 percent of the original amount. 
EROSION CONTROL FACTOR VM 
(see Appendix C for 
additional details) 
The erosion control factor is applied in the 
equation as a single unit. It accounts for the 
effects of all erosion control measures that may be 
implemented on any particular construction site, 
including vegetation, mechanical manipulation of the 
soil surface, chemical treatments, etc. It does not 
include structures such as berms and ditches. These 
are part of the topographic factor, LS. For any site 
the soil loss equation may be solved with and without 
erosion control measures installed and the difference 
in the "A" values determined is an indication of the 
effectiveness of that particular control system. 
From research results reported in the literature, 
it was noted that mulches had apparent VM factor 
values commonly around 0.01 until R'K'LS factor 
values exceeded a certain critical level at which 
point the mulch partially failed. Thus for each set 
of R'K'LS values it is assumed that a certain 
quantity of mulch is required to maintain the VM 
factor value at a level near 1 percent. Figures 2-4, 
2-5, 2-6, and 2-7 were developed for this MANUAL using 
data gathered from both published and unpublished 
sources and show this relationship for straw or hay 
mulch not tacked (some states apply mulch in this 
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loose fashion), straw or hay mulch tacked or punched 
in across the slope, wood chip mulch, and stone mulch. 
To use the figures, one must enter the Y-axis at the 
R·K·LS value for the site, move horizontally to the 
right until the curve is int.ercepted, then drop 
vertically to the base scale and read the critical 
tonnage of mulch. This tonnage is the minimum needed 
to stabilize the site at the critical' value of one ton 
of soil loss per acre. Any quantity of mulch less 
than this critical amount would have a high failure 
risk and may thus be wasted. 
In addition to its physical ability to aid in 
erosion control, the primary value of hay or straw 
mulch is to aid in the establishment of vegetative 
growth. There is a limit to the amount of straw or 
hay that can be applied and still have seed germina-
tion and vegetation establishment. The designer 
should be aware of this limitation in each particu-
lar area and not prescribe amounts in excess of it. 
(The largest amount encountered by the writers in 
their visits to individual states was 6 tons per acre, 
most of which was punched into the .sandy soil with 
a disk.) 
Standing vegetation exerts its influence on the 
VM factor in proportion to its aerial density and type 
of root sys tem. Apparently all grasses that are 
suitable for erosion control and adapted to the 
site can be' grouped together as can all forbs such as 
legullles, weeds, etc. Figure 2-8 shows the relation 
between grass density and VM factor and Figure 2-9 
shows the same relationship for the forbs. Data for 
these plots were assembled from the literature. The 
VM values' for th.e most common combinations of vegetal 
matter can' be covered by the ·,figures given, but bare 
soils and chemicals may be of a nearly infinite 
variety. S01II!i! of .the com1llDnly encountered conditions 
and possible treatments with their corresponding VM 
values that have been gleaned from the literature are 
tabulated in Table 2-2. As time goes on a large 
number of other possible treatments may be developed 
and evaluated with the consequent production of Dio.re 
VM factor values. 
Structures s'uch as sediment craps and settling 
basins do not decrease erosion but serve only to catch 
the sediment after it has left the s.ource area. 
Design drawings for such structures are readily 
available from many different sources throughout the 
country and, are not includ~ in this MANUAL. Even 
though much research remains to be done in order to 
determine the true efficiencies and optilDUm designs 
of sediment basins and trap's, existing designs may be 
used effectively to prevent sediment from leaving 
rights-of-way and entering streams, lakes, or adjacent 
properties. The amount of sediment captured in such 
structures can be measured or calculated and subtract-
ed from the total soil loss, calculated by the equa-
tion, to determine actual los-so 
LIMITATIONS OF THE SOIL 
.EROSION EQUATION 
1. The equation is semi-empirical and does not 
necessarily express its s'everal factors in their 
correct mathematical relationships. This limitation 
is overcome by the use of empirical coefficients. The 
,physical data upon which the present coefficients are 
based were limited to maximum uniform slopes of 20 
percent and lengths of 300 feet. 
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2. The rainf all-erosion index measures only the 
erosivity of rainfall and associated runoff. There-
fore, the equation does not predict soil loss that is 
due to thaw or snowmelt. In areas where such losses 
are significant, they must be estimated separately and 
combined with those predicted by the equation. 
3. Gully eros ion cannot be accounted for by the 
equation such as is caused by concentrated flows of 
water. Its use DUst be confined to sheet and rill 
erosion. 
4. The equation was developed to predict soil 
loss on an average annual basis. Soil loss predic-
tions on a storm-by-storm basis often -result in error 
because of complicated interactions between forces 
governing soil-loss rates. On any given site these 
interactions tend to average out over a year's time so 
that their effect at any particular time is minimal. 
PROCEDURES FOR DETERMINING WATER 
SOIL EROSION 
Water Soil Loss Equation Method 
The following s tep-by-s tep procedures will lead 
one through the proper use of appropriate tables, 
figures, maps, and graphs for determining erosion 
caused by water from a construction site. Examples 
of water erosion calculations are given in Appendix C. 
1. Determine as precisely as is pract icable the 
latitude and longitude, preferably in degrees, tenths, 
and hundredths, of the construction site in question. 
2. Using the location information from 1, e~ter 
the appropriate 1so-erodent map (Figure 5-1, 5-2, or 
5-3) and determine the annual R value for the site. 
J. Estimate as nearly as possible the length of 
time the site will be exposed to erosive forces. 
4. With the information from number 3, enter 
Figure 5-4, 5-5, or 5-6 as appropriate and read the 
,percentage of annual R for each month or fraction 
thereof that the site will be exposed. These indi-
vidual percentages are added together to give a 
percentage for the total time period. This total 
percentage is then multiplied by the annual R value 
from number 2 to obtain the proper value of R to use 
in the.soil loss equation. 
For full-year (as opposed to fractions of a year) 
periods of time longer than one year, enter Figure 2-1 
with the number of years and read the corresponding 
value of EI/R. The ann~al R value is multiplied 
by this ratio to obtain the proper value of R to use 
in the equation. 
5. With the location informa:tion from number 1, 
enter an appropriate soil survey map and determine the 
soil erodibility factor K. I.f a soil survey map is 
not available, the pref~rred procedure is to take 
appropriate soil samples at the site and analyze them 
for particle size, percent organic matter, soil 
structural class, and relative permeability. With 
this information use the nomograph in Figure 2-2 
to determine the K factor. 
In the absence of both of these, enter the 
appropriate soil erodibility map (Figure 5-8 or 5-9) 
and determine an approximate value for K. 
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6. Determine slope steepness as percent gradi-
ent. (For example, 2.5:1 slope equals a gradient of 
40 percent.) 
7. Determine the slope length in feet. 
8. Using data from numbers 6 and 7 enter Table 
C-l or the nomograph in Figure 2-3 and determine the 
topographic factor, LS. (For multiple slopes, follow 
the procedure detailed in Appendix C.) 
9. The product of values determined in 4, 5, and 
8 is the R'K'LS value, or potential erosion. 
10. The amount of mulch required to reduce the 
potential erosion to the amount of 1 ton/acre can be 
determined from Figures 2-4 th~ough 2-7. Other 
control measures are listed in Table 2-2 together with 
their approximate VM values. The VM value of any 
particular control measure, multiplied by the R'K'LS 
value determined in number 9, will give an indi-
cation of the effectiveness of that particular measure 
in controlling erosion. 
11. 
ABOVE. 
NOTE LIMITATIONS O~ THE, EQUATION LISTED 
Table 2-2. Typical VM factor values reported in the 
literature. a 
Condition 
1. Bare soil conditions 
freshly disked to 6-8 inches 
after one rain 
loose to 12 inches smooth 
loose to 12 inches rough 
compacted bulldozer scraped up and down 
same except root raked 
compacted bulldozer scraped across slope 
same except root raked across 
rough irregular tracked all directions 
seed and fertilize, fresh 
same after six months 
VM Factor 
1.00 
0.89 
0.90 
0.80 
1. 30 
1. 20 
1.20 
0.90 
0.90 
0 . 64 
0.54 
aNote the variation in values of VM factors re-
ported by different researchers for the same measures. 
References containing details of research which pro-
duced these VM values are included in NCHRP Proj ect 
16-3 report, "Erosion Control During Highway Construc-
tion, Vol. III, Bibliography of Water and Wind Erosion 
Control References," Transportation Research Board, 
2101 Constitution Avenue, Washington, D.C., 20418. 
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Table 2-2. Continued. 
Condition 
seed, fertilizer, and 12 months chemical 
not tilled algae crusted 
tilled algae crusted 
compac ted fill 
undisturbed except scraped 
scarified only 
sawdust 2 inches deep, disked in 
2. Asphalt emulsion ,on bare soil 
1250 gallons/acre 
1210 gallons/acre 
605 gallons/acre 
302 gallons/acre 
151 gallons/acre 
3. Dust binder 
605 gallons/acre 
1210 gallons/acre 
4 " Other chemicals 
5 . 
6. 
7. 
1000 lb. fiber Glass Roving with 60-150 
gallons asphalt emulsion/acre 
Aquatain 
Aerospray 70, 10 percent cover 
Curasol AE 
Petroset SB 
PYA 
Terra-Tack 
bWood fiber slurry, 1000 lb/acre fresh 
bWood fiber slurry, 1400 lb/acre fresh 
bWood fiber slurry, 3500 lb/acre fresh 
Seedings 
temporary, o to 60 days 
temporary, after 60 days 
permanent, o to 60 days 
permanent, 2 to 12 months 
permanent, after 12 months 
Brush 
Excelsior blanket with plastic net 
8. Mulch (see Figures 2-4, 2-5, 2-6, 2-7) 
VM Factor 
0.38 
0 . 01 
0.02 
1.24-1. 71 
0.66-1.30 
0.76-1. 31 
0.61 
0.02 
0 .01-0.019 
0.14-0.57 
0.28-0.60 
0.65~0.i'0 
1.05 
0.29-0.78 
0.01-0.05 
0.68 
0.94 
0.30-0 . 48 
0.40-0.66 
0.71-0.90 
0.66 
0 . 05 
0.01-0.02 
0.10 
0.40 
0.05 
0.40 
0.05 
0.01 
0.35 
0.04-0.10 
bThis material is commonly referred to as hydro-
mulch. 
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CHAPTER 3 
SOIL EROSION CAUSED BY WIND 
WIND EROSION POTENTIAL 
In most areas of the United States the amount of 
erosion attributable to wind as opposed to that from 
water may be equal to or near zero. However. in some 
places it is significant and ways and means are 
needed for its control. The reader will get a better 
understanding of wind erosion problems by studying the 
examples presented in Appendix D. 
Wind erosion potential may be estimated in a 
manner similar to that for water by the use of a soil 
loss equation. The wind erosion equation. selected by 
the present study for estimating soil loss due to wind 
on highway construction sites. resulted from years of 
work by the late W. S. Chepil. his associates. and 
others (i-I. 11.-1£. l.!!.-40. E)· The equation as 
developed by these researchers and an explanation of 
its use for determining wind erosion on highway 
construction sites is as follows: (primes have been 
added to. each of the factors so that they will not 
become confused with those for water erosion.) 
in which 
E' 
I' 
C' 
K' 
V' 
L' 
E' = I'·C'·K'·V'·L' 
soil loss by wind in tons/acre/yr 
soil wind erodibility factor 
local wind erosion climatic factor 
soil surface roughness factor 
vegetative factor 
(3-1) 
length of the unshielded distance 
parallel to wind in the direction of 
the wind fetch 
SOIL WIND ERODIBILITY FACTOR I' 
The soil wind erodibility index. I, is the 
potential soil loss in tons/acre/yr from a wide 
unsheltered, isolated, bare and smooth crusted or 
noncrusted soil expanse. 
The I value is determined in the field by dry-
sieving a soil sample through a 20-mesh (0.84 mm) 
screen. Knowing the percentage of particles larger 
than 20-mesh and if there is no crusting. the I value 
in tons per acre can be read from Table 3-1. If the 
soil has a well developed crust. another value of I 
from Table 3·1 is used instead. The tons/acre value 
of I read from the table becomes I' in the wind soil 
loss equation whenever there is no correction required 
for the windward knoll effect. If a correction is 
required, it is done according to the procedure 
outlined in the following paragraphs. 
Windward Knoll Erodibility Factor Is 
Whenever the slope is facing the dominant wind 
direction so that the wind impinges against the slope, 
erosion is accelerated. This acceleration is known as 
the windward knoll effect and the knoll erodibility 
factor Is is used to modify the soil wind erodibility 
index I for this exposure. 
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Woodruff and Siddoway <iI> have given a means to 
correct for this knoll effect. Their curve was 
extrapolated to produce the curve in Figure 3-0 
because no better data were available. Only their (b) 
curve is· given because it pertains more nearly to 
highway cuts and fills. 
If slopes are longer than 500 feet, Is is as-
sumed to be 1.0. For slopes shorter than 500 feet 
the following procedure is used. Figure 3-0 is 
entered at the bottom with a slope gradient value 
determined at the midpoint of the slope facing the 
wind. Move vertically to the curve, thence to the 
lef t scale where the Is value is read. This value 
is multiplied by the erodibility index (I) to obtain a 
modified value called the erodibility factor (I') 
described prpviously which is used in the soil 
loss equation. 
I' I x Is tons/acre/yr 
LOCAL WIND EROSION CLIMATIC FACTOR C' 
The monthly isovalues of the local wind erosion 
climatic factor C' are given on appropriate maps 
(Figures D-l through D-14). c' is the cube of the 
mean wind velocity for each month divided by the 
square of the an.nual precipitation effectiveness 
index. PE, developed by Thornthwaite (46). It is 
computed from the equation: 
C' 
in which 
V 
PE 
V3 34.483 --2 
(PE) 
• (3-2) 
mean monthly wind velocity at·a height 
of 30 feet for all winds in excess of 
12 miles per hour 
Thornthwaite's preCipitation effective-
ness index 
PE index = 115 (P/T_10)l.111 in which P 
is the mean annual precipitation and 
T is the mean annual temperature 
Monthly values of C' have been plot ted as iso-
lines on 'maps of the continental United States (Fig-
ures D-1 through D-6), Hawaii (Figures D-7 through D-
10), Puerto Rico (Figures D-11 and D-12), and Alaska 
(Figures D-13 and D-14). 
Wind Direction and Preponderance 
These terms are actually the prevailing wind 
direction and prevalence and are obtained from the 
wind erosion force vector. (See maps of wind direc-
tion and preponderance in Appendix D.) 
If the value of preponderance is 1.0, there is no 
preponderant direction so a barrier could be placed in 
any direction with equal results. A value of 2.0 
indicates that the preponderance is twice as great in 
total wind force as for 1.0. 
To use the maps in Figures D-7 through D-20, 
determine the dominant wind direction for the period 
Table 3-l. Soil wind erodibility index I. 
Percent of Dry Soil 
Not Passing a 20 0 1% 2% 3% 4% 5% 6% 7% 8% 9% 
Mesh Screen 
,(Units) Non-crusted Soil Surface (tons/acre) 
0 310 250 220 195 180 170 160 150 140 
19 134 131 128 125 121 117 113 109 106 102 1,1 
20 98 95 92 90 88 86 83 81 79 76 
30 74 72 71 69 67 65 63 62 60 58 
40 56 54 52 51 50 48 47 45 43 41 
50 38 36 33 31 29 27 25 24 23 22 
60 21 20 19 18 17 16 16 15 14 13 
70 12 11 10 8 7 6 4 3 3 2 
80 2 
Fully Crusted Soil Surface (tons/acre) 
0 51.7 41.7 36.7 32.5 30.0 28.3 26.7 25.0 23.3 
10 22.3 21.8 21.3 20.8 20.2 19.5 18.8 18.2 17.7 17.0 
20 16.3 15.8 15.3 15.0 14.7 14.3 13.8 13.5 13.2 12.7 
30 12.3 12.0 11.8 11.5 11.2 10.8 10.5 10.3 10.0 9.7 
40 9.3 9.0 8.7 8.5 8.3 8.0 7.8 7.5 7.2 6.8 
50 6.3 6.0 5.5 5.2 4.8 4.5 4.2 4.0 3.8 3.7 
60 3.5 3.3 3.2 3.0 2.8 2.7 2.7 2.5 2.3 2.2 
70 2.0 l.8 1.7 1.3 1.2 1.0 0.7 0.5 0.5 0.3 
80 0.3 
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OI time required by assuming that an east dominant 
wind is the zero direction. From this point measure-
ments are made in a counterclockwise direction through 
31)0 degrees. The direction number is multiplied by 
the magnitude of the preponderance and finally the 
sum of the products is divided by the sum of the 
preponderance values to arrive at a weighted average 
resultant wind direction. This direction is the 
effective prevailing wind direction. 
The scales and arrows on Figures 0-7 through 0-20 
indicate the number of times the wind value exceeds 
the unit value for given directions. The arrows point 
to the direction from which the wind is coming. 
SOIL SURFACE ROUGHNESS FACTOR, K' 
This factor is a measure of the natural or 
artificial roughness of the soil surface in the form 
of ridges or small undulations. It can be determined 
by knowing the height of the individual roughness 
elements and then using Figure 3-1. The value for the 
mean height of elements is located on the bottom of 
the figure, move vertically to the curve, and thence 
to the left scale where the K' value is read. 
VEGETATIVE FACTOR, V' 
V' factor represents equivalent pounds of vege-
tative matter as a roughness element. The V' value is 
obtained by wet sieving the air dried soil to separate 
the organic material from the mineral portion. 
The organic matter is then dried and weighed. The 
weight in thousands of pounds per acre is entered on 
the left scale (R') of Figure 3-2. Move horizontally 
to the proper curve, thence down to the V' scale 
to read the V' factor. 
UNSHIELDED WIND FETCH DISTANCE, L' 
This is defined as the distance parallel to the 
preponderant wind direction in excess of the shielded 
distance. In the field, the preponderant direction is 
layed out with a compass or transit, then the dis-
tance across the exposed area in excess of 10 times 
the height of any barriers is recorded in feet as the 
value of L'. 
PROCEDURE FOR DETERMINING WIND SOIL EROSION 
The following step-by-s-tep procedures will lead 
one through the proper use of the wind soil loss 
equation and appropriate tables, maps,and graphs for 
determining erosion caused by wind from or onto a 
construction site. Included at the end of the chapter 
is a nomographic chart, Figure 3-3, for solving the 
wind soil loss equation. Examples of wind erosion 
calculations are given in Appendix D. 
1. Scoop up a 250 ml sample of the exposed 
surface soil. Allow the sample to dry in the air, 
then sieve the dry sample with a 20 mesh sieve. 
Measure the volume of the material remaining on the 
screen. Determine the percent remaining by volume. 
% = ( VOl. remaining x 100\ 
vol. total ') 
The value of this quotient (percent) is entered into 
the scale of Table 3-1 and the value of I read. 
2. Determine the slope in percent of the exposed 
areas which are not parallel to the wind movement. 
This slope percent is located on the bottom of Figure 
3-0. Move vertically to the curve, thence left to the 
scale where Is is read. The values of I and Is 
are multiplied together to obtain the value of I'. 
3. Take a sample of soil plus litter (to a 3 
inch depth) including standing litter, and wash it on 
a 20 mesh screen. Dry and weigh the organic portion 
of the sample. Determine the percent by weight of 
organic matter. Multiply this percentage by 106 to 
obtain the pounds of organic matter, R', per acre in 
the surface 3 inches of soil (approximately 1,000,000 
lbs. in acre 3" deep). With this value of R' enter 
the left hand scale of Figure 3-2. Move to the right 
to the appropriate curve (flat or standing), thence 
vertically downward to the base where the value of the 
V' factor is read. 
4. Determine the weighted wind direction for the 
appropriate period of time. This is accomplished by 
entering Figures D-7 through D-20 and for the proper 
location read the direction by interpolation between 
arrows and the preponderance for each month involved. 
The direction in degrees counterclockwise from zero 
east is read with a protractor or other scale. This 
value is multiplied by the magnitude of the prepon-
derance as read or scaled from the map. This proce-
dure is repeated for each month involved and the 
products summed. The sum is then divided by the sum 
of the preponderance values to obtain the resultant 
direction. The mean of the preponderance values is the 
net preponderance. The higher the preponderance value 
the more nearly the wind is unidirectional. 
5. Determine the value of C' by reading Figures 
0-1 to D-14 for the appropriate time period by monthly 
values. Add the respective values and use the sum as 
the C' value for the equation. -
6. Measure the height of the roughness elements. 
These consist of large clods, ridges left by equip-
ment, equipment tracks, and other small barriers 
across the direction of wind flow. Calculate the mean 
height of these elements in inches. This mean height 
value is Kr and should be entered on the bottom of 
Figure 3-1. Move vertically to the curve, thence left 
to the scale where K' is read. 
7. Determine I'.K'by multiplying I' from (2) and 
K' from (6), then I' ·K'· C' from (5) and (7). 
8. Measure L', the distance parallel to the 
prevailing wind direction across the disturbed area in 
question, in feet, and subtract from this value 10 
times the height of any major barriers such as trees, 
hedges, board fences, etc. 
9. Enter the nomograph for wind erosion (Figure 
3-3) with I"K', I' ·C'.K' , V' and L' and estimate erosion 
in tons per acre. The product of this value and the 
distance along the highway times L' divided by 43,560 
gives the total tons of soil loss per acre of right-
of-way." 
DETERMINING WIND SOIL LOSS SUSCEPTIBILITY 
In areas where wind soil losses may be signifi-
cant the following simple field test may be applied to 
determine whether or not erosion control practices are 
needed. 
Collect four cups of soil from an open, exposed 
site. Allow the sample to dry overnight in an oven 
and then sift it through a 2Q-mesh sieve. If more 
than one cup of soil passes through the screen, 
erosion control measures should be implemented at that 
particular site. 
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Step I. Locate I'K' value on vertical scale to the left of turning axis and construct curved dotted 
line as indicated. 
Step 2. Move vertically upward from L' value to intercept curved line (Step I) then horizontally 
to E2 scale. 
Step 3. ~ark j'K'(' value on yerti~al scale to the right of turning axis. 
KEY: 
1111 ~u "-11'111 I :... J .. , 
Expected Soil Loss E' '" l'oX'·C'oL'·V' (tons/acre/year) 
Step 4. Draw line from I'K' value (Step 1) to "K'C' value (Step 3) and mark intercept on 
turning axis. 
Step S. Draw line from value on E2 scale (Step 2) through point on turning axis (Step 4) to E~ 
scaie, then diagonally to second E4 scale, horizontally to intercept with appropriate V 
value, and then vertically downward to read expected soil loss on E' scale. 
Figure 3-3. Nomographic chart for the solution of wind soil loss equation E' I'·K'·C'·L'.V'. 
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APPENDIX A 
EROSION AND SEDIMENTATION CONTROL MEASURES 
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Aggregate Cover Stabilizes soil surface. Used on seeps. Permits construction A-I X X X X X X X X 
traffic in adverse weather. May be used as part of permanent 
base construction. Made by placing gravel on soil surface. 
Barrier, Temporary Impedes surface runoff and stops the movement of sediment, A-2 X X X X X X X Brush mulch or other surface protectors. Brush and hay bales used on I-
Fence medium slopes or at the toes of steep slopes. Fence used on 
Hay or Straw Bales slopes. Made by piling or staking on or near a contour along 
the surface to be protected. Also serves as filter on berm. 
Benches Reduce slope lengths. Made by constructmg wide (say 10'-20') A-3 X X X 
horizontal. level or slightly reverse sloping steps in intervals (say 
50' - 100') down the slope, on or near contours. Reduce water 
velocities and increase infLItration. Require provision for runoff 
disposaL 
Berms To control or divert the flow of surface runoff. Made by piling A-4 X X X X X X X 
Berm and Ditch a soil windrow or other obstruction along the shoulders of the 
Burlap Sand Sausage roadbed or top of cut to prevent surface runoff from eroding 
Diversion slopes. Require adequate downdrains to dispose of water. The 
Slope burlap sand sausage is made by filling a burlap tube with sand or 
piling sand on a long piece of burlap and sewing the burlap into 
a tube. 
Cellular Concrete Block Excellent for surface protection on slopes and especially against A-5 X X X X X X 
Revetment wave action. These blocks are constructed of dense concrete and 
(Gobi Blocks) are installed on top of a plastic filter cloth. After installation 
topsoil is spread loosely over the revetment to partially fill the 
cell openings, and the revetinent is then fertilized and seeded. 
; 
Channels Used to convey runoff from points of concentration across, A~ X X X X X X X X X X X 
Asphalt through, along, and around highway rights of way, or other 
Bare areas to be protected. Channels steeper than approximately 
Burlap three percent need protection to prevent erosion. Allowable 
Concrete slope of bare channels depends on the type of soil. 
Concrete Block 
Excelsior 
Fiber Glass Roving 
Grass 
Jute 
Plastic (Nylon) Mat 
Plastic Sheeting 
Rock or Riprap 
Sod 
Check Dams Prevent channel erosion and allow settling of suspended solids. A-7 X X X X X X X X 
Graded Stone They reduce water velocities, lengthen detention times and 
Log increase stream cross-sections. Constructed by placing the 
Log and Hay selected material across the channel normal to the flow. Dam 
Rock and Fence height is dictated by flow amount and channel slope. 
Sheet Piling 
Staked Bales 
Straw Bales and Fence 
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Chemical Stabilization Used to reduce the movement of soil and other soil protectors. A-8 X X X X X X X X 
Aerospray 52 Applied by spraying the liquid cilemical1lllto the "oil surface or 
Aerospray 70 over other protectors. 
Aquatain 
ARan 
Asphalt Emulsion 
Coherex 
Conwed Fiber 
Curasol 
Dust Binder 
Ecology Control 
Erode-X I Fiber Glass Roving, Tacked Glenkote 
Petroset 
PVA 
Soil Bond 
Soll-Lok 
Soli Master 
Soli Seal 
Surfaseal 
Terra-Krete 
Verdyol (Super) 
Wood Fiber Slurry 
(Others) 
Chutes Used to convey water down slopes and can be either temporary A-9 X X X X 
Asphalt or permanent. Chutes generally require energy dissipators at 
Bare the downstream ends. (See also down drains.) Burlap 
Concrete 
Concrete Block 
Excelsior 
Fiber Glass Roving 
Grass 
Jute 
Plastic (Nylon) Mat 
Plastic Sheeting 
Roclc or Riprap 
Sod 
Cofferdam Diverts water from slnlctures or stream bank segments during A-I( X X 
Concrete construction to prevent sedimeDt from entering adjacent 
Earth streams. 
Steel 
Supported Plastic:.. Sheet 
Wood 
Other 
Compaction Proper compaction of flU embanlcrnents will reduce the erosion A-I X 
rate, especially at lower water velocities. I t should be done in 
proper increments at the optimum soil moisture content. 
Construction Dam ShnUar to a cofferdam except It usually leaves the slnlcture A-I X X 
accessible to the bank rather than surrounding it. 
DiaS!r (see Floatin~ diment Barrier 
Ditch Blocks and SimUar to check dams but are applied to smaller water ways. A-I X X X X X X X X X X X 
Dams Therefore less rigid materials can be used such as looae straw 
or hay, some mulching materials, small gravel, etc. 
Diversion Ditch, Cut Conslnlcted at the upper edges of cut slopes to collect water A-I X 
Slope from aIljacent properties and divert it around the cut. Materials 
used to construct these ditches are determined by the slope of 
the ditch but include sod, gravel, stone, asphalt, and concrete. 
Ditches may be temporary or p.ermanent. 
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Drain,Down Used to conduct runoff down a slope. May be open channel or A-I X X X X X X X X X X 
Asphalt closed conduit, temporary or permanent. (See also Chutes.) 
Burlap 
Concrete 
Excelsior Mat 
Fiber Glass Roving 
Flexible Pipe 
Gravel, Rock or Ru bble 
Jute Mesh 
Plastic Sheeting 
Rigid Pipe 
Spd 
Subsurface Pipe 
Drain, Slope (See Placed horizontally at vertical intervals on long slopes to reduce A-2( X X 
also Interceptor the effective slope length. These drains can be of any open 
Drains) channel cross section and must be lined. Usually function both as temporary and permanen t structures. 
Drop Box Culvert Consists of a culvert inlet-box with vertical sides. Acts as an A-II X X X X X X X 
(See also Inlets) energy dissipator and reduces the velocity in the culvert. This type of structure is usually permanent except in temporary 
sediment basins, and is constructed of steel, wood, or concrete. 
Energy Dissipators Convert high-velocity flows from paved channels and/or A-I X X X 
Boulders conduits to lower velocity flows. Materials used are frequently 
Concrete gabions, concrete or large boulders. 
Concrete Blocks 
Gabions 
Riprap 
Rock Sausages 
USBR 
Water Pool 
Erosion Stops Similar to check dams but need not be restricted to a water A-IE X X X X X X X X X 
channel. Controls overland flow-erosion on mild slopes. 
Materials of construction include hay bales, brush, gravel, 
snow fence and straw, etc. 
Fertilization Applied according to soil vegetation needs as determined by X X X X X X 
testing. Stimulates growth which increases erosion resistance. 
Filter Filters remove sediment from flowing water. They are used iA-19 X X X X X X X X X X X 
Berm around drain inlets, along toes of slopes, on small slopes, on 
Brush sediment basin darns, between water bodies and next to down-
Baled Hay or Straw hill adjacent properties. Filters can be constructed from any 
Nylon Cloth porou~ material that can be stabilized in rows, banks, or 
Rock or Gravel mounds. They must be kept clean. 
Sediment Basin Outlet 
Sediment Trap 
Floating Sediment Retains suspended sediment within the disturbed area of a lake, A-2( X X 
Barrier or Diaper pond, or stream. The diaper is a plastic barrier mounted on 
posts driven into the lake bed. The floating barrier is a plastic 
or other impermeable barrier suspended from floats tied to-
gether with a rope and anchored at each end to the shore. Both 
barriers extend from the water surface to within a few inches of 
the lake bed. 
Gabions Used as energy dissipators, channel liners, steep-slope protectors, A-21 X X X X X 
and retaining walls. Construction of gabions is accomplished by 
placing wire-mesh baskets at the desired location, ftl1ing them 
with gravel and tying them together. The size of basket and 
diameter of gravel are determined by the amount of protection 
required. 
G rubbing Omitted When gru bbillg is omitted the surface algae as well as vegetation X X 
grow and stabilize the soil. Established root systems also are left 
to hinder erosion. New sprouts occur more rapidly. Fertilization 
may not be needed. 
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Gunnite Wire mesh is anchored to vertical rock embankments with steel A-2 X 
pins. Concrete is dlen blown onto the mesh to preven t the 
bank from sloughing. Weep-holes are prOYided at intervals to 
relieve hydrostatic pressure. 
Gutters Gutters are protected channels for the collection and transport A-2 X X X 
of surface runoff from highways. They may also be associated 
with curbs. Though gutters are generally thought of as 
permanent structures, timely installation will permit their 
use wring part of the construction period as well. They are 
made from concrete, asphalt, stone, brick, etc. 
Hand Placed Rock Steep slopes associated with overpasses, interchanges, etc. that A-2 X X X X X X X X 
require a high degree of protection can be made to look pleasing 
and be protected with hand placed stone. 
Inlets PrOYide smooth efficient transitions between overland or chan- A-2 X X X X X X X X Box Drop nel flow and pipe flow. They may serve both temporary and 
Down Drain permanent functions. Temporary inlets are constructed of rock 
Hooded and earth, hay bales, wood and other available materials. The 
Pipe Drop more permanent types are usually constructed of concrete. 
Interceptor Dike Directs overland flow to a desired collection or runoff point. X X X X X X X X Constructed with any material that will wi'thstand the 
anticipated flows. 
Interceptor Ditch or Di tches and drains, like the dike, change the course of flow of A-2~ X X X X X X X 
Drain (See also surface runoff and direct it to a desirable collection or runoff 
Slope Drains) point. Construction of ditches and drains is similar to that of 
most water channels and they must be protected to withstand 
the flow velocities anticipated. 
Irrigation For the purpose of establishing and maintaining vegetation. 
The water is generally most efficiently applied by sprinkler 
A-2 X X X X X X X 
or drip irrigation. 
Jettie·s Used to deflect water currents away from selected sections of X X 
Brush a stream bank or shore. 
Logs 
Pile 
Riprap 
Other 
Level Spreader A level spreader converts channel or pipe flow to sheet flow, X X X X X 
thereby reducing velocity and increasing infiltration. Level 
spreader surfaces may need sod or other material to protect 
them from erosion. 
M atting Matting is used as a surface and channel protector. In most A-2 X X X X X X X X 
Excelsior cases it requires staking to the ground. It is usually used in 
Jute conjunction with seeding and protects the surface until 
Plastic vegetation becomes established. 
M ulch Used to increase inrlltration, decrease runoff, protect soil A-2S X X X X X X X X 
Cellulose surface from erosive action of raindrops and to enhance seedbed 
Dairy Waste for vegetative growth. Mulch is applied with machinery or by 
Gravel hand using either water or air as the carrying agen t. Proper 
Hay application rates are important. Hydrornulch 
Rice Hulls 
.. Sawdust 
Shredded Paper 
Straw 
Vegetative Fodder 
Wood Chips 
Wood Fibers 
Other 
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Mulch Anchoring Anchoring increases the effectiveness of mulch against surface A-3( X X X X X X X X 
Asphalt Tacking erosion by water and wind. It is accomplished by spraying 
Matting (asPhaltic materials), covering and stapling (paper, plastic, 
Netting nylon, jute, wire netting, etc.) and discing (incorporating 
Punching mulch materials into the soil surface). 
Pipe Outlet Protection Pipe oudets require a section of protected channel for com- A-31 X .X X X 
pleting the transition from pipe to channel flow . The needed 
protection can be provided by energy dissipators, channel 
protection, or combinations of the two. 
Plastic Fihn Used as a temporary protection for bare soil surfaces including A-3 X X X X X X X X X X X 
channels, chutes, downdrains, etc. 
Poured in Place Concrete Concrete c~ serve for both temporary and permanfnt erosion A-3 X X X X X X X X X X 
control. It IS used for surface and channel protection and for 
numerous kinds of structures. 
Reinforced Earth Modular concrete blocks to whose flat sides are attached long A-34 X X X 
Retaining Wall thin metal strips, are stacked on edge to form a wall. The metal 
strips are laid horizontany and compacted into the backfUled 
soil on the uphill side of the wall. Friction of the soil on the 
strips holds the stacked concrete blocks in place, providing a 
sturdy, pervious retaining wall. Particularly useful on slopes that 
are steeper than the angle of repose of the soil, and where 
horizontal distances are limited. 
Retaining Wall Used for stabilizing steep slopes and to prevent earth slides. ~-3S X X X 
They can serve as either permanent or temporary structures 
and are commonly constructed of reinforced concrete, gabions, 
wood, or steel. 
Retention Pond (see 
Sediment Basin) 
Revetment (see Revetments are often used as bank protectors in streams. How- A-S X X X X X X 
Cellular Concrete ever, other applications may be considered They are con-
mock) structed of brush mats, rock, concrete rubble, log jacks, car bodies, etc. and are normany quite large. 
Riprap. Rubble These materials are used for surface protectors, channel A-3E X X X X X X X X X X 
protectors, and energy dissipators. 
Roughened Surface An Il/lSIRoothed fill surface or a surface that has been ripped, A-31 X X X X X X X 
ploughed or disked is called a roughened surface. It increases 
infUtra,tion and decreases runoff. 
Sausages Sauaa,ges generally consist of rocks or sand bound together with a f4.-311 X X X X X X X 
Gravel plastie, wire; or burlap mesh. They may vary both in diameter 
Rock and length from a few inches to several feet, depending on where 
Sand they are to be used. Loose rocks are not recommended when the 
longitudinal slope of a stream is greater than 10%. Rock sausages 
can be used on slopes as great as 50%. 
Sediment Basin Sediment basins control or stop sediment after it has eroded. A-39 X X X X 
Basins are quite large, as compared to tra,ps, and receive runoff 
from large areas. Each consists of a dam, an ou det structure, 
and Wirier stora,ge space. Most sediment in flOwing water will 
setde out in a sediment basin if the detendon time is long enough. 
They milst be cleaned regularly. 
Sediment Traps Sediment traps are small sediment basins. They are constructed A-40 X X X X X X X X X X X 
Board Dam at Inlet as simply as possible and shOUld be used extensively during con-
Catch Basin structiOn. They are made by digging holes in medians and other 
Culvert draina,ge:ways and by building small dams of wood, stone, bales, 
Excavated etc. across channels, culvert inlets, and other low areas. They 
Inlet must be cleaned regularly. 
-
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Seeding Seeding is done to establish vegetative erosion control. Stage A-41 X X X X X X X X X X 
Aerial (Chopper or seeding, both temporary and permanent, is generally very 
fIXed wing) effective in controlling erosion on constrcUction sites. 
Broadcasting 
Drillil1g 
Hydroseeding wi th 
Mulch or/and Matting 
Seepage Control Seepage control from cut banks is accomplished by covering the A-4 X X X X X surface with a gravel blanket or inserting pipes horizontally into 
the bank to draw off the water. Either method stabilizes the cut 
surface and prevents slou~hing. 
Selective Grading and Involves nonstandard grading and shaping of slopes in critical A-4 X X X X 
Shaping areas where erosion potential is high. 
Serrated Cu ts Increase infIltration and reduce water velocities down cut slopes. A-44 X 
They also provide a better seedbed for establishing vegetation 
and help to retain moisture. Horizontal steps are constructed 
with a grader as the cut is made. 
Shee t Piling Excellent for constructing check dams, cofferdams, sediment jA-45 X X X X X X X 
traps, and other erosion control devices. 
Shoreline Protection Shoreline protection is used where high wan run parallel to or A-46 X X 
cross water bodies and must be protected from wave action. 
Rock, concrete, gobi blocks, and other large surface protectors 
are used. 
Silt Fence Consists of filter cloth backed by wire net fence mounted on X X X X X X 
posts. Very effective for retaining sediment on right-of-way. If 
fust fence fills with sediment, another can be built behind it. 
Sodding Used for surface and channel protection. Sad may be hand laid A-4 X X X X X X X X 
over the entire surface or in narrow strips along the contours of 
a slope. On steep slopes it may need to be staked to prevent 
slippage. Another effective use of sod in areas of high rainfall 
is a IS" wide strip laid along the edges of the pavemen t of high-
ways, to prevent the shoulders from eroding. 
Spillways Used in conjunction with dams to bypass overflows with ~.-41 X X Box Inlet Drop minimum erosion. 
Chute 
Drop 
Pipe 
Pipe Drop 
Straight Drop 
Sprigging Sprigging consists of planting shoots or sprouts as opposed to 1A-41 X X X X X X X X X 
seeds. It is done to achieve more rapid growth of larger 
vegetation. 
Spur Dikes A-51 X 
Concrete Bags Spw dikes provide funnels and expansion sections for streams 
Gobi Blocks flowing beneath bridges. They are similar to jetties and must 
Rocks have substantial surface protection to the high water line. 
Stacked Concrete Stacked concrete bags may be used for slope protectors a t high- [A-s X X X X Bags way overpasses and for channel protectors at pipe outlets. Con-
sist of bags of wet concrete stacked and allowed to dry. 
Storm Sewers Collect rainfall or snowmelt runoff and transport it to • disposal X X X X X X 
point. Storm sewers are usuallY permanent and constructed 
from durable materials, but may be utilized during the con-
struction phase as well. 
Stream Bank .\-51 X X 
Protection This protection requires la!:ge material masses or smaller anchored structures such as large boulders, brush mats, log jacks, concrete 
rubble or special concrete and/or steel structures. 
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Figure A-4. Berms 
Figure A-5. Cellular concrete blocks 
Figure A-S. Channels 
A-l0 
Snow fence and straw bales 
• 
Staked straw bales 
Figure A-S. Channels 
(continued) 
Figure A-7. Check darns 
A-ll 
Staked wire mesh filled with rocks 
Sheet pilings 
Figure A-S. Chemical stabilization 
Plastic Rock 
Figure A-S. Chutes 
Figure A-l0. Cofferdam Figure A-ll . Compaction 
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.. 
Figure Ac 12. Construction dam Figure A-13. Ditch block 
Concrete lined Seeded and mulched 
Figure A-14. Diversion ditch 
Flexible pipe Riprap 
Figure A-15. Down drain 
A-13 
Rigid pipe 
Anchored concrete blocks 
FigureA-15. Down Drain 
(continued) 
Figure A-16. Drop box culvert 
Figure A-17. Energy dissipators 
A-14 
• 
., 
Sod lining 
Gabions 
• 
Sand and gravel 
.. 
Staked straw bales 
Staked straw bales 
Figure A-lB. Erosion stops 
Figure A-19. Filters 
A-15 
Nylon cloth 
Snow fence and straw bales 
.. 
Floating filter cloth Staked filter cloth 
Figure A-20. Floating barriers 
Figure A-21. Gabions 
Figure A-22. Gunnite 
A-16 
.. 
Figure A-23. Gutters 
Figure A-24. Hand placed rock 
Sod lining Down drain 
Figure A-25. Inlets 
A-17 
Excelsior 
Figure A-26. Interceptor ditch (slope) 
Sprinkler system 
Figure A-27. Irrigation 
Figure A-28. Matting 
A-18 
Excelsior 
• 
• 
Jute 
• 
, 
Figure A-28. Matting 
(continued) 
Figure A-29. Mulch 
A-19 
Plastic 
Straw punched in Held with nylon net 
Figure A-30. Mulch anchoring 
\ 
Figure A-31. Pipe outlet protection 
Figure A-32. Plastic film 
A-20 
Figure A-33. Poured-in-place concrete 
Figure A-34. Reinforced earth retaining wall 
• 
Figure A-3S. Retaining wall 
A-21 
Figure A-36. Rip rap 
Figure A-37. Roughened surface 
A-22 
Figure A-3S. Sausage 
Ii 
.. 
Figure A-39. Sediment basin 
A-23 
Ready for cleaning Wooden poles 
.. 
In median Nylon cloth 
Figure A-40. Sediment traps 
Rye-temporary Stage seeding 
Figure A-41. Seeding 
A-24 
• 
Gravel filter Gravel filter 
Figure A-42. Seepage control 
.. 
Figure A-43. Selective grading 
Figure A-44. Serrated cuts 
A-25 
Dumped rock 
Figure A-44. Serrated cuts 
(continued) 
Figure A-45. Sheet piling 
Figure A-46. Shoreline protection 
A-26 
• 
• 
Gobi blocks 
• 
,. 
Complete coverage Stripping along contour 
Along highway's edge In channel bottom 
Figure A-47. Sodding 
Temporary Permanent 
Figure A-48. Spillways 
A-27 
• 
On serrated slope On mulched slope 
Figure A-49. Sprigging 
• 
Concrete bags Rock 
Figure A-50. Spur dikes 
Figure A-51. Stacked concrete bags 
A-28 
Figure A-52. Stream bank protection 
'" 
Man-made river channel Man-made stream channel 
Figure A-53. Stream channel change 
.... 
Figure A-54. Surface area exposure limited 
A-29 
Figure A-55. Toe drain ditch 
Stockpiled Re-spreading 
Figure A-56. Top soiling 
Figure A-57. Vegetative buffer strip 
A-30 
Figure A-58. Vegetative stabilization 
A-3.t 
.Ie 
" 
APPENDIX C 
EXAMPLES OF WATER EROSION CALCULATIONS 
DETERMINATION OF LS 
Single Slopes 
The slope length and slope steepness factors were 
developed independently, but it is convenient to con-
sider them as a single unit in the soil loss equation. 
In the original equation (43, 53) the influences of 
slopes steeper than 20 percent were unproven. Before 
extending Wischmeier's curves to the s teepnesses en-
countered in highway construction, field plot data for 
a number of steep slopes were obtained and data pOints 
from them were placed on projections of the slope 
steepness curve. It was found that the equation (43) 
S 650 + 454s + 65s
2 
10,000 + s2 
(C-l) 
in which s is slope gradient in percent, expresses the 
relations between S factor and s reasonably well for 
slopes even greater than 50 percent (2: 1) • 
The slope length factor follows the relationship 
developed by Wischmeier (50) which is 
L 
in which 
1. 
m 
(C-2) 
slope length in feet 
0.5 for slope gradients of 0.51 to 10 
percent 
0.6 for slope gradients greater than 10 
percent 
to.3 for slope gradients of 0 to 0.5 percent 
Combining the teepness and length factors gives the 
product LS. Therefore, 
LS 650 + 4548 + 658
2 (2-\m 
10,000 + 82 \12.6) 
(C-3) 
Table C-l solves Equation C-3 for various values 
of R. and s. The equation can be solved graphically 
by using the nomograph labeled Figure 2-3 on page 9. 
Sensitivity of LS of Single Slope 
to Changes in Slope and Length 
Sensitivity of LS to changes in slope and length 
may be demonstrated by the following example using 
Table C-l. If the site calls for a fill slope 100 
feet long at a steepness of 1-1/2:1 (67 percent) the 
LS factor value is 26.82 Reducing the slope to 2:1 
(50 percent) would increase the length to 124 feet 
(increasing the exposed area by 24 percent), and a 
C-l 
new L8 fac·tor value becomes 20.4. The erosion rate 
potential has thus been reduced to 76.1 percent of the 
original and the ero.sion amount to 94.7 percent. 
Further reducing the slope to 3:1 (33 percent) the LS 
factor value becomes 13.22 or 49 percent of the 
original. A 6:1 slope would reduce the LS value to 
6.45 or nearly 24 percent of the first deSign, but the 
slope length has now more than tripled to 339 feet and 
the total amount of erosion has reduced to only 81.5 
percent of the original. 
Slope 
1-1/2:1 
2:1 
3:1 
6:1 
LS= 26.112 
Length 
100 
124.5 
176 
338.6 
LS 
26·82 
20.40 
13.22 
6.45 
LS Value 
(Percent of 
Original) 
100 
76.06 
49.29 
24.08 
Erosion 
Amount 
(Percent of 
Original) 
100 
94.70 
86.75 
81.53 
The sensitivity of L8 factors to shortening of 
slope lengths on a fill slope while keeping the slope 
steepness constant can be illustrated with the follow-
ing example wherein the original total slope length 
is 1000 feet and the slope is 2-1/2:1 (40 percent). 
Slope segments are created by installing interceptor 
ditches across the slope. 
Number of LS Factor of Erosion/ft Width 
Sements Each Se~nt of Slo~e {tonslIr~ 
1 at 1000 ft. ea. 51.08 RKx 1.1729 
2 at 500 ft. ea. 33.70 RKx 0.7736 
3 at 333 ft. ea. 26.40 RK x 0.6063 
4 at 250 ft. ea. 22.23 RK x 0.5106 
5 at 200 ft. ea. 19.45 RKx 0.4465 
Cutting the slo~e length in half cuts the erosion on 
each half bI one-sixth and on the total slope bI 
a~proximatelI one-third or to 66 percent of the 
original amount. 
? 
N 
Table C-l. LS values.* 
Slope 
Ratio 
100: 1 
20: 1 
12~: 1 
10: 1 
8:1 
6:1 
5:1 
4~: 1 
4:1 
3:1 
2~: 1 
2:1 
3 1'4:1 
1~: 1 
1~: 1 
1: 1 
- -
---~ 
SloP,ei 
Gradi-
ent 
"s" 10 20 30 40 50 (%) 
0.5 0.05 0.06 0.07 0.07 0.08 
1 0.04 0.06 0.07 0.09 0.10 
2 0.07 0.10 0.12 0.13 0.15 
3 0.10 0.14 0.17 0.19 0.2~ 
4 0.13 0.18 0.23 0.26 0.29 
5 0.17 0.24 0.29 0.34 0.38 
6 0.21 0.30 0.37 0.42 0.47 
7 0.26 0.37 0.45 0.52 0.58 
8 0.31 0.44 0.54 0.62 0.70 
9 0.37 0.52 0.64 0.74 0.82 
10 0.42 0.61 0.74 0.86 0.96 
11 0.43 0.62 0.79 0.93 1.07 
12.5 0.49 0.75 0.95 1.13 1.30 
15 0.66 1.00 1.27 1.51 1. 73 
16.7 0.78 1.18 1.51 1.79 2.05 
20 1.05 1.58 2.02 2.40 2.75 
22 1.22 1.85 2.36 2.81 3.21 
. 25 1.51 2.28 2.91 3.46 3.96 
30 2.03 3.08 3.93 4.67 5.34 
33 2.37 3.60 4.59 5.45 6.23 
35 2.61 3.95 5.04 5.99 6.85 
40 3.22 4.88 6.23 7.40 8.46 
45 3.86 5.86 7.47 8.88 10.15 
50 4.52 6.86 8.75 10.40 11.89 
55 5.19 7.87 10.04 11.93 13.64 
57 5.46 8.21 10.56 12.55 14.34 
60 5.86 8.88 11.33 13.47 15.40 
66.7 6.,74 10.21 13.02 15.48 17.70 
70 7.17 10.87 13.86 16.47 18.83 
75 7.80 11.82 15.08 17.92 20.48 
80 8.41 12.74 16.25 19.32 22.08 
85 8.99 13.63 17.38 20.66 23.62 
90 9.55 14.48 18.47 21.95 25.09 
95 10.09 15.29 19.50 23.17 26.49 
100 10.59. 16.06 20.48 24.34 27.82 
- -
* Calculated from Equation 2-3 
LS = (650 + 450s + ~5s2) 
10.000 + s 
.., .. 
~---- -
60 70 
0.08 0.09 
0.11 0.11 
0.17 0.18 
0.24 0.25 
0.32 0.34 
0.41 0.45 
0.52 0.56 
0.63 0.69 
0.76 0.82 
0.90 0.97 
1.05 1.14 
1.19 1.31 
1.45 1.59 
1.93 2.11 
2.29 2.51 
3.06 3.36 
3.58 3.93 
4.42 4.85 
5.95 6.53 
6.95 7.62 
7.64 8.38 
9.44 10.36 
11.33 12.42 
13.26 14.55 
15.22 16.69 
16.00 17.55 
17.18 18.84 
19.74 21.66 
21.01 23.04 
22.85 25.07, 
24.64 27.02 
26.35 28.90 
27.99 30.70 
29.55 32.42 
31.04 34.05 
(7:.6f 
Slope Length "R." (ft.) (A = summation of "R." segments) 
80 90 100 150 200 250 300 350 400 450 500 600 700 800 900 1000 
0.09 0.10 0.10 0.11 0.12 0.13 0.14 0.14 0.15 0.15 0.16 0.17 0.18 0.18 0.19 0.20 
0.12 0.13 ' 0.14 0.17 0.19 0.22 0.24 0.26 0.27 0.29 0.31 0.34 0.36 0.39 0.41 0.43 
0.19 0.20 0.21 0.26 0.30 0.34 0.37 0.40 0.43 0.45 0.48 0.52 0.56 0.60 0.64 0.67 
0.27 0.29 0.30 0.37 0.43 0.48 0.53 0.57 0.61 0.65 0.68 0.75 0.81 0.86 0.91 0.96 
0.37 0.39 0.41 0.50 0.58 0.65 0.71 0.77 0.82 0.87 0.92 1.01 1.09 1.16 1.23 1.30 
0.48 0.50 0.53 0.65 0.75 0.84 0.92 1.00 1.06· 1.13 1.19 1.30 1.41 1.50 1.60 1.68 
0.60 0.63 0.67 0.82 0.94 1.06 1.16 1.25 1.34 1.42 1.49 1.64 1.77 1.89 2.00 2.11 
0.73 0.78 0.82 1.00 1.16 1.30 1.42 1.53 1.64 1.74 1.83 2.01 2.17 2.32 2.46 2.59 
0.88 0.93 0.98 1.21 1.39 1.56 1.71 1.84 1.97 2.09 2.20 2.41 2.60 2.78 2.95 3.11 
1.04 1.10 1.15 1.43 1.66 1.84 2.02 2.18 2.33 2.47 2.60 2.85 3.08 3.29 3.4~9 3.68 
1.21 1.29 1.36 1.66 1.92 2.15 2.35 2.54 2.72 2.88 3.04 3.33 3.59 3.84 4.08 4.30 
1.41 1.52 1.62 2.06 2.45 2.80 3.13 3.43 3.72 3.99 4.25 4.74 5.20 5.63 6.04 6.44 
1.72 1.85 1.97 2.51 2.98 3.41 3.80 4.17 4.51 4.85 5.16 5.76 6.32 6.85 7.35 7.83 
2.29 2.46 2.62 3.34 3.97 4.54 5.06 5.55 6.01 6.45 6.87 7.67 8.41 9.11 9.78 10.42 
2.72 2.92 3.11 3.96 4.71 5.38 6.01 6.59 7.14 7.66 8.16 9.11 9.99 10.82 11.61 12.37 
3.64 3.91 4.16 5.31 6.31 7.21 8.05 8.83 9.46 10.26 10.94 12.20 13.38 14.50 15.56 16.57 
4.26 4.57 4.87 6.21 7.38 8.43 9.41 10.32 11.18 12.00 12.78 14.26 15.64 16.94 18.18 19.37 
5.25 5.63 6.00 7.66 9.10 10.40 11.60 12.73 13.79 14.80 15.76 17.59 19.29 20.90 22.43 23.89 
7.08 7.59 8.09 10.32 12.26 14.02 15.64 17.16 18.59 19.95 21.25 23.71 26.00 28.17 30.23 32.21 
8.26 8.86 9.44 12.04 14.31 16.36 18.26 20.03 21. 70 23.28 24.80 27.67 30.35 32.88 35.29 37.60 
9.08 9.75 10.38 13.24 15.74 17.99 20.07 22.01 23.85 25.60 27.27 30.42 33.37 36.15 38.80 41.33 
11.22 12.04 12.83 16.36 19.45 22.23 24.80 27.20 29.47 31.63 33.70 37.59 41.24 44.68 47.95 51.08 
13.46 14.45 15.39 19.63 23.32 26.67 29.75 32.63 35.35 37.94 40.42 45.09 49.46 53.59 57.51 61.26 
15.76 16.91 18.02 22.98 27.31 31.22 34.83 38.21 41.39 44.42 47.32 52.79 57.91 62.74 67.33 71. 73 
18.09 19.41 20.68 26.37 31.34 35.83 39.97 43.85 47.50 50.98 54.31 60.59 66.46 72.00 77 .27 82.32 
19.02 20.41 21. 74 27.73 32.96 37.68 42.03 46.11 49.95 53.61 57.11 63.71 69.88 75.71 81.26 86.56 
20.41 21.91 23.34 29.76 35.37 40.44 45.11 49.48 53.61 57.54 61.29 68.38 75.00 81.26 87.21 92.90 
23.46 25.18 26.82 34.21 40.66 46.48 51.86 56.88 61.63 66.14 70.46 78.60 86.22 93.41 100.25 106.79 
24.96 26.79 28.54 36.40 43.26 49.46 55.18 60.52 65.57 70.37 74.96 83.63 91. 73 99.39 106.66 113.62 
27.16 29.15 31.05 39.60 47.06 53.80 60.02 65.84 71.33 76.57 81.55 90.97 99.73 108.11 116.03 123.60 
29.28 31.42 33.47 42.69 50.73 58.00 64.70 70.97 76. 90~ 82.53 87.91 98.07 107.58 119.55 125.03 133.25 
31.31 33.61 35.80 45.66 54.26 62.04 69.21 75.91 82.25 88.27 94.03 104.90 115.06 124.66 133.79 142.52 
33.26 35.70 38.03 48.50 57.64 65.90 73.52 80.64 87.37 93.76 99.88 111.43 122.23 132.42 142.12 151.40 
35.12 37.69 40.15 51.21 60.86 69.58 77 .62 85.15 92.25 99.01 10>.47 117.66 129.06 139.83 150.06 159.86 
36.89 39.5-9 42.17 53.79 63.92 73.08 81.53 89.43 96.89 103.99 110.77 123.58 135.55 146.86 157.61 167.90 
--
~. ~ .. 
" 
The reader should remember that erosion poten-
tial, or the R'K'LS value, is a rate and must be 
multiplied by an area to determine total erosion 
amount. The LS value reduces with length in the same 
proportion as the total erosion amount, however, and 
therefore may be used to indicate effectiveness of 
length reduction. 
LS=51.08 LS=33.70 LS=I9.45 
Multiple Slopes 
The soil loss equation is based on the assumption 
that the sediment load carried by the runoff is 
limited only by the amount of material detached and 
not by the capacity of the water to carry the detached 
materiaL Under this assumption the sediment load 
increases as the water moves downslope and the runoff 
from the upper slope adds to the rainfall on the lower 
slope and thus increases the erosion rate on the 
lower slope. Where more than one slope is involved it 
is not sufficient to just average the steepness and 
use the total length to arrive at an LS factor. To 
obtain an LS which accounts for the effect of the 
upper slopes the following method devised by Foster 
and Wischmeier (11, and personal communication) may be 
used. The nomenclature has been modified for use in 
this manuaL 
LS {[(L1S1)A 1 - (LOS1)AO]+ [(L2S2)A2 - (L1S2)A 1] 
+ [(L3S3)A 3 - (L2S3)A2 ] + ••• [(LnSn)An 
- (Ln_1Sn)An_1]}/(tl + t2 + t3 + ••• t n ) 
in which 
tn 
m 
• (C-4) 
length factor for slope segment n 
(t n /72.6)m (C-5) 
length of slope segment n 
{
0.3 for slope gradient of 0 to 0.5 
percent 
0.5 for slope gradient of 0.51 to 10 
percent 
0.6 for slope gradients greater than 10 
percent 
slope factor for slope segment n 
(650 + 454 s + 65 s 2)/(10,000 + s 2) 
n n n 
• (C-6) 
slope gradient in percent of segment n 
the sum of the slope segment lengths 
from the top of the slope to the bottom 
of slope' segment n 
C-3 
To illustrate the procedure for calculating LS 
values when nrultiple slopes exist, assume the 140-foot 
convex slope represented by Curve A in Figure C-1. 
The upper segment is 100 feet at 5:1 (20 percent) 
gradient, the second is 40 feet at 3:1 (33 percent). 
The parts can be labeled thus: 
sl = 20%, t1 = 100 ft., Al = 100 ft. 
s2 - 33%, ~ = 40 ft., A2 = 140 ft. 
To determine LS for the combined slope, use Table 
C-l and the above values of s, t, and A. Enter 
approp,riate values into Equation C-4 as follows: 
LS [(4.16)100 - 0] + [(11.52)140 - (9.44)100] 100 + 40 
([416 - 0] + [1613 - 944])/140 
(416 + 669)/140 
7.75 
Problem Example No.1 
To keep track of the various slopes, lengths 
and LS values it is helpful to arrange them in an 
orderly tabular form. This is illustrated by the 
form in Table C-2 and the compound slopes in Figure 
C-1. From Curve B, a convex slope, the values to be 
inserted in the table are: 
Col. 1 Col. 2 
n=l sl 5% 
n=2 s2 8% 
n=3 s3 11% 
Col. 3 
t 1 = 175 
t2 = 125 
R. 3 = 100 
Col. 4 
175 
300 
400 
Col. 5 
AD 0 
Al = 175 
A2 = 300 
The next step is to determine the respective LS 
values from Table C-l. Start with the upper slope, 
segment No.1, sl = 5 percent and enter Table C-l. 
Read values for Al and AD, (175,0); thus L 1S 1 
0.70 and LOSI = O. Enter these values in Cols. 6 
and 7, Table C-2. Now proceed to segment No.2, s2 = 
8 percent, and read LS values under columns for A 2' 
AI' (300,175). Thus L2S2 = 1.71, and LlS2 = 1.30. 
Enter these figures in Col. 6 and Col. 7. The third 
step is to proceed to segment No. 3 and repeat the 
process. Read values for 53 = 11 percent under A 3, 
~, (400,300), thus L3S3 = 3.72, and L2S3 = 3.13. 
Enter these values in Table C-2 under Col. 6 and Col. 
7 which should now read: 
Col. 6 
0.70 
1.71 
3.72 
Col. 7 
o 
1.30 
3.13 
Since these values represent a rate of erosion 
per unit area it is necessary to convert to an amount. 
This is done by nrultiplying each LS value by an area 
which is A feet long and 1.0 foot wide. In our 
example we now mUltiply each value in Col. 6 (LS) by 
the value in Col. 4 0 ) and enter the product into 
Col. 8. Likewise, we nru~tiply the values in Col. 7 by 
the values in Col. 5 and enter into Col. 9. We then 
subtract these two numbers for each segment and enter 
in Col. 10. Our table now looks like this: 
I 
I 
I 
I 
I 
~ , I 
0 ... 0 ,,>"> I 
";' "," LS'7.75 I 
________________ --.J 
CURVEA. GENERAL HIGHWAY CROSS-SECTION 
cut on right with two slopes 
FigureC"-l. 
Col. 8 
122.5 
513 
1488 
CURVE B. CONVEX SLOPE 
CURVE C. CONCAVE SLOPE 
Typical slopes used to illustrate com-
putational procedure for LS. 
Col. 9 
o 
227.5 
939 
Col. 10 
122.5 
285.5 
549 
We are now ready to find the effective LS values 
for the compound slope. This is done by dividing 
each value in Col. 10 by the length of the segment 
Col. 3 and entering the result in Col. 11. But since 
we are really interested in the cumulative affect of 
each slope segment it is more meaningful to accumulate 
the totals in Col. 10, which values are then entered 
in Col. 12. These values are divided by the ). values 
in Col. 4, and the results entered into Col. 13. Col. 
13 contains the cumulative LS values for the compound 
slope. Our table now looks like this: 
C-4 
Col. 11 
0.70 
2.30 
5.49 
Col. 12 
122.5 
408.0 
957.0 
Col. 13 
0.70 
1.36 
2.39 
The overall LS for the compound slope in curve 
B, Figure C-1, is 2.39. It is this value that is to 
be used in the erosion equation to calculate the rate 
of erosion in tons per acre per year. 
A = R·K·LS = R·K· (2.39) 
Problem Example No.2 
The reader should now try to determine theLS 
values for the concave slope in curve C, Figure C-1. 
The essential numbers to begin inserting in Table C-2 
are: 
1. sl 11%, 
2. s2 8%, 
3. s3 5%, 
1.1 100, 
1.2 125, 
1.3 175, 
100' , 
225' , 
400' , 
o 
100 
225 
Confirm that the overall LS value is 1.60. What are 
the other two cumulative LS values? (Solution is 
given as example No.2, Table C-2.) 
Effect of Ditches or Berms (Examples Nos. 3, 4, 5) 
The erosion rate can be reduced by reducing the 
LS factor. One effective way of doing this is by 
constructing a diversion ditch or berm to prevent the 
flow of water from an upper slope from entering the 
lower slope. Calculations to demonstrate this effect 
are shown in examples 3, 4, and 5 in Table C-2 using 
the cross section shown as Curve A in Figure C-l but 
with interceptor ditches constructed as indicated. 
Note that in example 4, the ditch converts a compound 
slope into two single slopes and thus simplifies the 
calculations. LS values f.or each single slope can be 
read directly from Table C-1. In example 5, a com-
pound slope still exists and must be calculated as 
such. 
In these particular examples, placing a ditch at 
the top of the lower slope reduces the potential 
erosion amount to 58 percent of that without a ditch. 
Placing the ditch part way up on the upper slope, so 
as to divide the total slope into 2 equal lengths 
decreases the rate to only 64 percent. 
CALCULATING EROSION POTENTIAL A 
Table C-3 is used to calculate the erosion rate 
potential and illustrates the procedures used when the 
soil erodibility factor K, varies within a cut slope, 
or to determine the change in erosion rate potential 
at different times of the year due to changes in the 
rainfall factor R. Table C-3 is also a convenient way 
of determining the effectiveness of different erosion 
control practices and the VM factor. 
To use the table, first sketch the cross-section 
of the construction site being studied and number 
the slopes consecutively, from top to bottom. Use 
Tables C-1 and C-2 to calculate the LS values and LS)' 
values for each slope or compound slope, and transfer 
these values to Col. 4 and Col. 5 of Table C-3. The 
r~infall factor R is entered in Col. 6 and the soil 
erodibility factor K is entered in Col. 7. The 
erosion rate potential ca.n now be calculated by 
II 
.. 
? 
\,n 
.. .... .... • 
Table C-2. Computational form and examples of determining LS for compound slopes. 
Slope 
Segment 
of 
Interest 
n 
1 
2 
3 
1 
2 
3 
1 
2 
2 
Slope 
of 
Segment 
of 
3 
Length 
of 
Segment 
of 
Interest Interest 
sn R. 
% ft. 
5 
8 
11 
11 
8 
5 
20 
33 
175 
125 
100 
100 
125 
175 
100 
40 
4 
Sum of Slope 
Lengths Above 
Lower End of 
the Segment 
of Interest 
).. 
n 
ft. 
175 
300 
400 
100 
225 
400 
100 
140 
5 
Sum of Slope 
Lengths Above 
Upper End of 
the Segment 
of Interest 
)..n-1 
ft. 
o 
175 
300 
o 
100 
225 
6 7 8 9 10 
1 s Subtract LS Values LS)" Va ue Col. (8) 
Enter Table C-l with Multiply Each LS Value _ Col. 
Slo.pe(s) from, Col. from Col. (6) and Col. (9) to 
(2), Read LS Values (7) by Appropriate).. Get the 
for Lengths Given in S ».. LS)" 
Cols. (4) and (5) (LnSn» .. n (Ln_1 n n-1 Values 
(L S ) 
n n 
(Ln_ 1Sn ) Col. (6) x Col. (7) x for Com-
Col. (4) Col. (5) bined 
Example ~. 1. Fig. ~-1. curve~ 
0.70 
1.71 
3.72 
o 
1.30 
3.13 
122.5 
513 
1488 
, 
I 
I 
I 
I 
,00 cC\s,O-; .5-2.39 : 
to \,O!o I 
_ ,,-:. "'06 _____________ -oJ 
'" CURVE B. CONVEX SLOPE 
Example 1>. 2. Fig. f-1, Curve Ie 
1.62 
1.475 
1.06 
o 
0.98 
0.795 
162 
332 
424 
. I 0 \.,00 
RI (!) . ,,<,J ~ p';' ~. I· I 
I 
,.~o:o I _ L .... · 160 l 
____ J 
o 
227.5 
939 
Slope 
122.5 
285.5 
549 
From Figure <;-1 
o 162 
98 234 
179 245 
From Figure C-1 
CURVE C. CONCAvE SCOPE 
~x~mple Not 3. Fig.1 C-1, Curve ~. 
o 
100 
4.16 
11.52 
o 
9.44 
I 
416 
1612.8 
0, , 
.,00 I 
t- 0°10 I 
•• " I 
o 
944 
416 
668.8 
~ , I G>" 0\0' From Figure C-1 
.. /'0 .~", I 
It LS:.7.75 I ________ ....J 
CURVE A. GEN'RAe HIGHWAY CPOSS·SECT",. 
cut on riebl with two slope. 
I 
11 
11 
LS 
Values for 
Individual 
Slope Seg-
ments 
Col. (10)/ 
Col. (3) 
0.70 
2.30 
5.49 
1.62 
1.87 
1.40 
4.16 
16.7 
<) 
12 13 
LS 
Accumula-Icumulative 
tive LS)" Effect as 
Values 
for Com-
bined 
Slopes 
Sum of 
Col. (10) 
122.5 
408.0 
957.0 
162 
396 
641 
416 
1084.8 
Sediment 
Moves 
Down 
Slope 
Col. (12)/ 
Col. (4) 
0.70 
1.36 
~ 
1.62 
1. 76 
1.60 
4.16 
7.75 
? 
'" 
Table C-2. Continued. -
2 3 
Slope Length 
Slope of of 
Segment Segment Segment 
of of of 
Interest Interest Interest 
n s R. n 
% ft. 
20 100 
2 33 40 
4 5 
Sum of Slope Sum of Slope 
Lengths Above Lengths Above 
Lower End of Upper End of 
the Segment the Segment 
of Interest of Interest 
).. ).. 
n n-1 
ft. ft. 
Example ~ o. 4. Fig. C-
100 0 
40 o 
6 7 8 9 
LS Values LS)" Values 
Enter Table C-1 with Multiply Each LS Value Slope(s) from Col. from Col. (6) and Col. (2), Read LS Values (7) by Appropriate ).. for Lengths Given in 
Cols. (4) and (5) (LnSn»)..n (Ln_1Sn»)..n_1 
1 (LnSn) (Ln_1Sn) Col. (6) x Col. (7) x Col. (4) Col. (5) 
Curve Intercept. r Ditch at Poi.nt of Chan 
4.16 416 
= 
5.45 218 
(y, 
\00 
G>. -;z;;,o 
o.~o\o 
,,:>":> 
Intercepto;r Ditch 
10 
Subtract 
Col. (8) 
- Col. 
(9) to 
Get the 
LS)" 
Values 
for Com-
bined 
Slop.e 
e in SlOPI 
Example NP. 5. Fig. C-~. Curve A, I~terceptqr Ditch at IMidpoint of Tbtal Slope 
11 12 13 
LS LS 
Values for ACCumllla- Cumulative 
Individual tive LS)" Effect as 
Slope Seg- Values Sediment 
ments for Com- Moves 
Col. (10) I bined Down 
Col. (3) Slopes Slope 
Sum of Col. (12) I 
Col. (10) Col. (4) 
----;-----r---~~---i---~---l_-----~--__i-----:: ------r--;-~~--1----~:::---I---:~;-;--r_---:~::--~--::~::--I---::::----~::::--~---::::---
• 
,. 
@ G) 
..,.0 
?Ie) 
@, XOOfo I nterceptor Ditch 0.0,.(0\0 -
,,:>":> 
zoolo 
" • ... .. 
• 
performing the necessary multiplication, R·K·LS. 
This value is a rate and must be changed to an amount 
before summing. This is done by multiplying the 
A values by 1../43560 which gives A2' a value in 
tons per year per foot of width of slope. 
Soil Erodibility Factors 
The soil erodibility factor, K, may vary sub-
stantially from the upper to the lower part of a 
slope. This is particularly likely for constructed 
slopes that cut through successive soil horizons. 
When differences in slope steepness are associated 
with differences in soil along an irregular slope, 
accuracy of sediment prediction is improved by com-
bining the two variables on a segmental basis. 
Suppose that in the preceding illustration 
example No. I, Table C-2, for the convex slope the 
upper 175-foot segment was on a soil horizon for which 
K = 0.49 and the other two segments on a horizon for 
which K = 0.32. The LS'A values in the computation 
would have been multiplied by the corresponding K 
values before summing. This can be illustrated by 
entering the LSI.. values from Col. la, Table C-2, into 
Col. 5, Table C-3, multiplying by Rand K, (assume 
R = 165) and dividing the product by 43,560. 
1. 
2. 
3. 
125.5 x 165 x 0.49 
285.5 x 165 x 0.32 
549 x 165 x 0.32 
The sum is 
.- 43,560 
'- 43,560 
.- 43,560 
0.23 
0.35 
0.66 ton/ft 
1.24 ton/ft 
Had the two K values been reversed in their 
positions on the slope, the predicted soil loss would 
have been 1.51 T/ft. (See example No.2, Table C-3.) 
Rainfall Factor 
The rainfall factor, R, is usually given in 
terms of a time period of one year. Construction 
schedules vary and therefore the R values for the 
particular time of year and length of construction 
period must be known. R values for periods of time 
less than one year can be determined from the ap-
propriate distribution curves, Figures 5-4, 5-5, 
and 5-6. The annual R value is determined from the 
isoerodent maps, Figures 5-1, 5-2, and 5-3. 
To illustrate this consider the following ex-
ample of a construction site in the northwestern 
corner of Missouri. From the iso-erodent map which 
includes Missouri (Figure 5-1), it is determined that 
the annual R = 165. Using the map of erosion index 
distribution curves (Figure 5-4) one may determine the 
distribution of the erosive energy of storms through-
out the year. For NW Missouri, use Table 31 of Figure 
5-4 to calculate this distribution. This is shown in 
tabular form in Table C-4. 
These monthly R values can now be entered into 
Table C-3 to be used with the LS and K values to com-
pute the erosion rate A. 
Erosion Control Factor VM 
An erosion control measure used effectively re-
duces the potential erosion rate, A, by the factor VM. 
Because most erosion control measures take time to 
implement, and become more effective with time, they 
should be evaluated on a time basis. Values of VM 
can be taken from Table 2-2 (see manual) for some 
C-7 
erosion control measures. Better values are expected 
to be obtained as experiences and research extend 
knowledge in this area. 
DETERMINING EROSION AT A SPECIFIC SITE 
Introduction 
Six general highway cross-sections are identified 
by number in Figure C-2. These, or slight variations 
of them, may be considered as erosion source area 
configurations during the construction of any highway. 
The example that follows uses the soil loss equation A 
= R·K·LS·VM and refers to cross-section number 1, but 
the same procedures would apply to any of the other 
five. The geographical area selected is the north-
western corner of Missouri on a soil with a K value of 
0.30, and it is assumed that K values are the same for 
all cross-section segments. The rainfall factor, R, 
is chosen as 165 on an average annual basis and the 
monthly distribution of R is as shown in Table C-4. 
This has been calculated from Curve No. 31 of Figure 
5-4. The construction period is selected as 12 months. 
The example is purely hypothetical and is pre-
sented solely to illustrate calculation procedures. 
It assumes that all highway engineering structures 
such as ditches, downdrains, energy dissipators, etc., 
are adequately designed and function properly • 
The basic conditions for this cross-section (see 
Figure C-2, No. 1) are tabulated below: 
Annual Segment 
R- K- Length, Slope 
Segment Value Value ft. 
_%-
Upper Slope (A) 165 0.30 100 20 
Cut Slope (B) 165 0.30 40 33 
Outside Shoulder (C) 165 0.30 25 10 
Roadbed (D) 165 0.30 3501 3 
Median (E) 165 0.30 402 8 
A and B Segments 
Total slope length is 140 feet up to a stand of 
native hardwoods and brush. No runoff is expected 
from this area. Both slopes were completely bared 
during the construction period. The time from grub-
bing and clearing to final shaping was three months. 
The bare soil condition at the end of final shaping is 
described as bulldozer compacted, scraped across the 
slope. As soon as final grading was complete the A 
and B segments were covered with topsoil, and seed, 
and fertilizer were applied. The seeded area was 
straw mulched--punched into the soil across the slope. 
No grass growth is expected for four months (late fall 
seeding), and an established permanent grass cover is 
expected to take an additional three months (seven 
months total from date of seeding). 
1Average distance between roadbed cross drains; 
roadbed width is 70 feet for each direction, 140 feet 
total. 
2Each half of the median is 40 feet wide, total 
width is 80 feet. 
? 
00 
Table C-3. Computational form to determine A and examples showing varying soil erodibility factor K. 
1 
Segment 
No. 
2 
l 
2 
3 
2 
Time 
Period 
.. 
year 
year 
year 
year 
year 
year 
• 
j 
Length. t. 
for Single 
Slopes. 
Length. ).. 
for Com-
pound 
Slopes 
175 
300 
400 
175 
300 
400 
4 5 6 7 
LS)' R K 
LS From Col. From Col. (10) or (12) From Fig. From Figs. 
(11) Table C-2 5-1. 5-8 
Table C-2 5-2. or or 5-9 
5-3 
8 
Al 
R·K·LS 
Tons Per 
Year Per 
Acre 
Col. (4) 
x Col. 
(6) x 
Col. (7) 
9 
A2 
RKLS}'/ 
43560 
Tons Per 
Year Per 
Foot of 
Slope 
Width 
Col. (5) 
x Col. 
(6) x 
Col. (7) / 
43560 
10 
VM 
From Table 
2-2 or 
Figs. 2-4. 
2-5. 2-6. 
2-7, 2-8, 
2-9 
11 
A3 
RKLSVM 
Col. 
(9) x 
Col. 
(10) 
Exawele No.1 1. Two d~fferent so~ erodibility factor~ (K) in a s~ope 
0.70 
2.30 
5.49 
0.70 
2.30 
5.49 
122.5 
285.5 
549.0 
122.5 
285.5 
549.0 
165 
165 
165 
0.49 
0.32 
0.32 
0.227 
0.346 
0.665 
1.238 
Example No.IZ. Soil erpdibility ~actors re$rsed 
165 
165 
165 
• 
0.32 
0.32 
0.49 
• 
0.148 
0.346 
1.019 
1.513 
12 
Sketch & Notes 
CD 
@ . 9,:175' K<O.49 ®~... -.\'z.'5 _-!~O.32 
,0° ----
... ~ K'O.32 
®. 0° 
"/' 
CD ® ' • 9,.175 '\.~..!<:O.32 
______ ~-O.32 
K:O.49 
' . -it 
•• 
.. 
Table C-4. Annual distribution a of erosion index R 
in northwest Missouri. 
Percent R-factor 
Months Per Per 
Month Cumulative Month Cumulative 
January 1 1 1.65 1.65 
February 1 2 1.65 3.30 
March 1 3 1.65 4.95 
April 4 7 6.60 11.55 
May 12 19 19.80 31.35 
June 28 47 46.20 77.55 
July 18 65 29.7Q 107.25 
August 17 82 28.05 135.30 
September 11 93 18.15 153.45 
October 5 98 8.25 161.70 
November 1 99 1.65 163.35 
December 1 100 
---1.& 165.00 
100 165.00 
aFrom distribution curve No. 31, Figure 5-4. 
Erosion Control Schedule 
1. Bare soil, no erosion controls 
2. Straw mulch 
3. Early grass growth, with mulch 
4. Established permanent grass 
VM Factors 
3 months 
4 months 
3 months 
2 months 
Description of Source of Factor 
Factor Value Value 
1. Bare soil, bulldozer Table 2-2 1.20 
compacted scraped 
across slope 
2. Straw mulch, punched Figure 2-5 0.01 
in, across slope, 2.5 
tons/acre1 
3. Early grass growth Use mulch value 0.01 
with mulch described 
in number 2 
4. Established permanent Table 2-2 0.01 
grass 
C Segment 
This segment is the outside road shoulder, 25 
feet long and 10 percent slope. 
The outside road shoulders were not treated for 
erosion control until the roadbed was at final grade, 
seven months af.ter the area was grubbed and cleared. 
During this seven-month period the bare soil is 
described as rough and irregular, tracked all direc-
tions. At the end of 7 months the outside shoulders 
1With R'K'LS equal to 385, Figure 2-5 indicates 
a minimum design mulching rate of about 2.5 tons/ac. 
Rates at or in excess of the minimum have VM values of 
0.01 • 
C-9 
were treated for erosion control by applying grass 
seed, fertiizers, and blown straw. Grass growth is 
expected within 10 days; established grass stands are 
expected to take four months. 
Erosion Control Schedule 
1. Bare soil, no erosion control 
2. Seed, fertilizer, straw 
VM Factors 
Description 
of Factor 
1. Bare soil, bulldozer 
irregular, tracked all 
directions 
2. Straw m'llch, blown on, 
not anchored, 1.0 tons/ae. 
3. Early grass growth, 
4 months growth 
4. Established permanent grass 
7 months 
5 months 
Source 
of Value 
Table 2-2 
Figure 2-4 
Table 2-2 
Table 2-2 
Factor 
Value 
0.90 
1.0 
0.40 
0.05 
Number 2, straw mulch, not anchored, at 1.0 
ton/ac. is slightly underdesigned; the minimum design 
rate is 1.31 tons/ac. (See Figure 2-4 for R'K'LS 
value of 30.) 
From research resultsi reported in the literature 
it was noted that mulches had apparent VM factor 
values commonly around 0.01 until R'K'LS factor 
values exceeded a certain critical level, at which 
time the mulch partially failed. Any quantity of 
mulch less than the amount needed to provide this 
"critical" protection would have a high risk of fail-
ure and may thus be wasted. 
Based on these observations Figures 2-4, 2-5, 
2-6, and 2-7 have been prepared. Curves on these 
figures represent critical R'K'LS values and mulch 
amounts. VM values to right of the curves are 0.01. 
VM values to the left of the curves are 1.0, which 
means the mulch is ineffective in the amount used. 
D Segment 
This segment consists of the two roadbeds. The 
roadbed erosion, unlike the erosion on the other seg-
ments of the cross-section, 'is calculated along the 
length of the roadbed, i.e., normal to the cross-
section., No erosion control measures were used. 
Therefore, for both roadbeds, the potential soil loss 
equals the expected soil loss, Al = A2' or VM - 1.0. 
E Segment 
This is the median strip. 
The median was not treated for erosion control 
until the rosdbed was at final grade, seven months 
after the area was grubbed and cleared. The bare soil 
condition is described as rough and irregular, tracked 
? 
-o 
i 
3% 
General higb\vay cros.s-scction No. l--cut on right. with h .. ·o ~lupes. 
(i(-nl.!ral highway cross-section ~o. 2 __ eln:':1.:~'l.:.l!.l.:nt un II·ft :otJld l'lt l'l1 ri~~:~t, \"itr. 
two sl'-,pes. 
General highway cross-section No. 3 __ embankrnent on left, with two slopesw 
Figure C-2. General highway cross-sections. 
~ to ~ 
________ D~ 
- -c 
'E 
General highway cross-section ~o. -t--level section. 
General highway I,;russ-section 1'\0. 5--section in embankment. 
/D~ 
~---=---..-- .----=------c; 
'E 
General highway cross-section No .. 6--section in cut .. 
~ 
~ 
. ~ .. • 4- .. 
Table C-5. Erosion at a specific construction site - determining LS and LSA. 
~- -
- -
1 2 3 4 5 6 7 8 9 10 11 12 13 
Slope Length Sum of Slope Sum of Slope LS Values LSA Values Subtract LS LS Lengths Above Lengths Above Enter Table C-l with Col. (8) Slope of of Lower End of Upper End of Slope(s) from Col. Multiply Each LS Value - Col. Values for Accumula- Cumulative Segment Segment Segment the Segment the Segment (2), Read L5 Values from Col. (6) and Col. (9) to Individual tive LSA Effect as 
of of of 
of Interest of Interest for Lengths Given in (7) by Appropriate A Get the Slope Seg- Values Sediment Interest Interest Interest A A Cols. (4) and (5) (LnSn)An (Ln_lSn ) An_l LSA 
ments for Com- Moves 
n n-l Col. (10)/ bined Down 
n s R. ft. ft. (LnSn) (Ln_1Sn) Col. (6) x Col. (7) x Values Col. (3) Slopes Slope n for Com-% ft. Col. (4) Col. (5) bined Sum of Col. (12)/ 
Slope Col. (10) Col. (4) 
AB 20 100 100 0 4.16 0 416 0 416 4.16 416 4.16 
33 40 140 100 11.52 9.44 1612.8 944 668.8 16.70 1084.8 LJ2. 
Ca 10 25 25 0 0.675 16.875 
r1' 3 350 350 0 0.57 -
? 
Ea 8 40 40 0 0.62 24.80 
-
aTwo slopes - multiply LSA by 2. 
bDistance between drains in direction of slope - roadway width is 70 ft. each. 
? 
~ 
N 
Tahle'C-6. Erosion <iF' a specific construction 'site .'--'eutslope AI!< ... -c0mpOtltid- 'slupe,-&e.gmeRt~C outside sho.\lld~r,s;..' ~_~gIjl,ep.t,.,p -: r,Q,ad1?E;!,cl-i, .. s,egment 
E - median r
Segment 
No. 
AB 
2 3 4 5 6 
LSI.. R 
Time 
Period 
Length, R., 
for Single 
Slopes, 
Length, A, 
for Com-
pound 
LS 
From Col. 
(11) 
Table C-2 
From Col. (10) or (12) I From Fig. 
5-1, 
5-2, Table C-2 
Slopes 
Sept. 1085 
Oct. 1085 
Nov. 1085 
------r---------~--------+---------
Dec. 
Jan. 
Feb. 
Mar. 
1085 
1085 
1085 
1085 
or 
5-3 
18.15 
8.25 
1.65 
1.65 
1.65 
1.65 
1.65 
7 
K 
From Fig. 
5-8 
0.30 
0.30 
0.30 
0.30 
0.30 
0,.30 
0.30 
8 
Al 
R·K.LS 
Tons Per 
Year'Per 
Acre 
Col. (4) 
x Col. 
(6) x 
Col. (7) 
9 
A2 
RKLSA/ 
43560 
Tons Per 
Year Per 
Foot of 
Slope 
Width 
Col. (5) 
x Col. 
(6) x 
Col. (7) / 
43560 
0.136 
0.062 
0.012 
0.012 
0.012 
0.012 
0.012 
10 
VM 
From Table 
2-2 or 
Figs. 2-4, 
2-5, 2-6, 
2-7, 2-8, 
2-9 
1.20 
1.20 
1.20 
0.01 
0.01 
0.01 
11 
A3 
RKLSVM 
Col. 
(9) x 
Col. 
(10) 
0.163 
0.074 
0.014 
o 
o 
o 
o 
&1.0 
';C,o 
.," 
12 
Sketch & Notes 
~ , 
j.~ 
to % I 
: R.1 100, sl 20% 
I 
__ I R.2 40, s2 33% 
Bare soil--bulldozer compacted 
_~~~ap~~_~c~E~~31EE~ ________ _ 
Straw mulch applied--punched 
in across slope--2.5 tons per 
acre 
------.----------------~------------------------------------.----------------~----------------~---------------------------
Apr. 
May 
1085 
1085 
6.60 
19.80 
0.30 
0.30 
0.049 
0.148 
0.01 
0.01 
0.00051 Early grass growth 
0.0015 
------.----------------~--------.---------~-------~---------~--------~-------~---------~------~---------------------------
C 
June 
July 
Mg. 
Total 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
_ J~1-.Y __ 
Aug. 
Total 
\' 
25 0.675 
1085 
1085 
1085 
'16.88 
46.20 
29.70 
28.05 
165.0 
18.15 
8.25 
1.65 
1.65 
1.65 
1.65 
1.65 
6.60 
19.80 
46.20 
29.70 
--28:0:5--
165.0 
~ 
0.30 
0.30 
0.30 
0.30 
0.345 
0.222 
0.210 
1.233 
0.0021 
0.0010 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0008 
0.0023 
0.0054 
0.0035 
--0.-00-3-3-
0.0192 
0.01 
0.01 
0.01 
0.21 
0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
0.40 
0.28 
0.16 
0.05 
- --o.1l1---
0.30 
0.00351 Established grass 
0.0022 
.hQQll. 
0.261 
0.0019 
0.0009 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0003 
0.0006 
0.0009 
0.0002 
--0-----
0.0058 
~ I' 25' s' 10'0/0 
Bare soil, bulldozer irregular 
Tracked all directions 
Early grass growth 
Grass growth 2 months 
Grass growth 3 months 
_~£~~~_g!~~~~_~_~~~~~s ________ _ 
Established grass 
0.0192 x 2 - 0.04 
0.0058 x 2 = 0.01 
(for 2 shoulders) 
f ~ 
? 
..... 
.... 
.. .. 
Table C-6. Continued. 
Segment 
No. 
D 
E 
2 
Time 
Period 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr • 
May 
June 
July 
Aug. 
Total 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Total 
3 
Length, I., 
for Single 
Slopes, 
Length, A, 
for Com-
pound 
Slopes 
140' 
See Note 
in 
Col. 12 
40 
4 5 6 
LSA 1 R LS From Col 
From Col. (10) or (12 From Fig. 
(11) Table C-2 5-1, 
Table C-2 5-2, or 
0.57 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
79.8 
24.80 
24.80 
24.80 
24.80 
24.80 
24.80 
24.80 
24.80 
24.80 
24.80 
24.80 
24.80 
5-3 
18.15 
8.25 
1.65 
1.65 
1.65 
1.65 
1.65 
6.60 
19.80 
46.20 
29.70 
28.05 
165.0 
18.15 
8.25 
1.65 
1.65 
1.65 
1.65 
1.65 
6.60 
19.80 
46.20 
29.70 
28.05 
.. 
7 
K 
From Fig. 
5-8 
0.30 
0.30 
0.30 
0.30 
O.lO 
0.30 
0.30 
0.30 
0.30 
O.lO 
0.30 
0.30 
O.lO 
0.30 
0.30 
0.30 
0.30 
0.30 
O.lO 
0.30 
0.30 
0·.30 
0.30 
0.30 
8 
Al 
R·K·LS 
Tons Per 
Year Per 
Acre 
Col. (4) 
x Col. 
(6) x 
Col. (7) 
9 
A2 
RKLSA/ 
43560 
Tons Per 
Year Per 
Foot of 
Slope 
Width 
Col. (5) 
x Col. 
(6) x 
Col. (7) / 
43560 
0.091 
0.0031 
0.001l 
0.0003 
0.0003 
0.0003 
0.0003 
0.0003 
0.0011 
0.0034 
0.0079 
0.0050 
0.0045 
0.0283 
10 
VM 
From Table 
2-2 or 
Figs. 2-4, 
2-5, 2-6, 
2-7,2-8, 
2-9 
1.0 
0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
0.01 
0.01 
0.01 
0.01 
0.01 
0.20 
11 
A3 
RKLSVM 
Col. 
(9) x 
Col. 
(10) 
~ .. 
12 
Sketch & Notes 
.",. ......... ",,,,,,,;,,,," ",'" 
~
Note: The slope length. I. = 
350', is used to compute LS, 
but to determine the amount of 
erosion per foot of width of 
cross-section, the width 70' 
(or 2 x70 for two roadbeds) 
must be used to compute L5A. 
0.091 I No erosion control measures 
were used. VM z 1.0. 
0.0003 
0.0013 
O.OOOl 
No erosion control 
bare soil, rough 
and irregular 
---vr--
0.0003 
0.0003 
0.0003 
0.0003 
Tracked in all 
directions 
0.0000 I Seeded. fertilized. blown 
0.0000 straw 
0.0008 
0.0000 
Permanent grass 
0.0283 x 2 = 0,0566 use 
!hQQQQ. 0.0056 x 2 = 0.0112 use 
0.0056 
O. 
O. 
06 
01 
all directions. At the end of seven months the median 
was treated for erosion control with grass seed, 
f'ertilizer, and blown straw. Grass growth is expected 
within 10 days; established grass stands are expected 
to take four months. 
Erosion Control Schedule 
1. Bare soil, no erosion controls 
2. Seed, fertilizer, blown straw 
VM Factor!! 
Description Source 
of Facto!: of Value 
1. Bare soil, rough and Table 2-2 
irregular, tracked all 
directions 
7 months 
5 months 
Factor 
Value 
0.90 
2. Straw mulch, blown on, not Figure 2-4 0.01 
anchored, 1-1/2 ton/ac. 
3. Early grass growth, 4 Table 2-2 0.05 
months growth 
4. Established permanent grass Table 2-2 0.01 
Number 2 is more than the design minimum of 1.23 
tons/acre, Figure 2-4. Therefore the VM value is 
0.01. 
The tabular method of calculating the LS values 
and determining the effect of timing and erosion con-
trol methods is used, utilizing the forms shown in 
Tables C-2 and C-3. The reader is referred to Tables 
C-5 and C-6 for these c,OIIIputations and to the notes 
affixed to each table. 
The total amount of e'roc;\ed material which could 
potentially leave the construction site is shown in 
C-14 
the summary which follows. These figures can be used 
to estimate size and timing of retention devices such 
as settling, basins or filters to keep the sediment 
from leaving the s:l,te Into waterways or other un-
desirable places. 
SUMYJARY 
The erOBion potentials and expected soil loss for 
each segment of the cross-section: 
A2 A3 
Erosion Expected Soil 
Potential tons/ft. Loss to~s/ft. 
Width of Cross- Width of Cross-
Segment Sect!on Per Year Section Per Yeal 
AB 1.23 0.26 
C 0.04 0.01 
D 0.09 0.09 
E 0.06 0.01 
1.42 0.37 
The effectiveness of the erosion control measures 
can be determined from the following equation: 
E (RKLS - RKLSVM) 100 RKLS x, 
Inserting the values from the above example: 
E 1.42 - 0.37 x 100 1.42 73.9% 
(C-8) 
This means that the erosion control system described 
above is exp@cted to be 74 percent effective in con-
trolling the potential erosion of this particular 
site. In other words, the system will stop 74 per-
cent of the erosion that would have occurred had no 
controls been used. 
, .. 
Computation 
I Enter Table 3-1 in column 2 and read for non-
crusted erodibility I = 250 tons/ac, and for 
fully-crusted, I = 41.7 tons/ac. To obtain a 
weighted I: 
K' 
, V' 
L' 
250 x 0.25 + 41.7 x 0.75 
" 94 tons/ac. 
93.78 
Enter Figure 3-0 on the base scale with 40 per-
cent slope gradient, move vertically to (b) 
curve, thence left to I s scale and read Is 
97. 
I' = I x Is = 94 x 97 = 9118 tons/ac 
Enter Figure 3-1 with 1 inch for Kr on the bottom 
scale, proceed vertically to curve, thence left 
to K' scale and read K' = 0.61. 
Multiply percent of litter 0.1 by 106 to find 
R' (approximately 1,000,000 lb~. in area 3" 
deep) 
R' = 0.001 x 1,000,000 = 1,000 pounds/ac 
Enter Figure 3-2 on left hand scale with this 
value, move right to "fLgt" curve, thence down to 
the base and read V'=3,350 pounds lac equivalent. 
The length of the sloping surface is 100 feet 
with a slope gradient of 40 percent and the value 
of L' becomes 
L' = 100 cos (tan-1 0.40) = 92.85 or 93 feet 
I' x K' = 9,118 x 0.61 = 5561.98 or 
5,562 tons/ac 
I'·K~C' = I'·K' x C' = 5561.98 x 1.55 
8,621.07 or 8,621 tons/ac 
Note that 8,621 tons per acre is way beyond the 440 
tons that can be read from the nomograph (Figure 3-3) 
for I'C'K' and 5,562 also exceeds the values of I'K' 
on its scale. Thus, this huge loss can only be 
estimated by extrapolating, using a proportional 
divider on both scales of the nomograph, and it is 
found to be approximately 993 tons/acre. This tonnage 
is obviously excessive. 
Treatments 
If the obvious treatment were to be followed, 
that of sprinkling the fill from the river during 
periods when the wind blows, the erosion would be 
reduced. If the surface were always wet when the wind 
blew, it would be equivalent to reducing the C' to a 
very small value, perhaps in the order of 0.01. Using 
this new value of C' the reduced loss can be calculat-
ed. Multiplying the I'K' value obtained above of 
5,562 tons per acre by 0.01/100 for each of the four 
months gives the total erosion for the period of less 
than 3 tons/acre. 
4 x 0.01/100 x 5,562 2.2248 tons/acre 
If a mulch were applied at the rate of 1.75 tons 
per acre and tacked with 1,250 pounds of asphalt per 
acre, this would be sufficient to control wate'r 
erosion (see Figure 2-5) and provide an adequate 
D-2 
seedbed. The R' value of these materials is 4,750 
pounds per ~cre. The total R' now becomes 1,000 from 
litter, 3,500 from mulch, and 1,250 from asphalt 
for a total of 5,750 pounds per acre. Entering Figure 
3-2 with this R' value, moving horizontally to the 
appropriate curve, and dropping to the lower scale 
gives a V' value of 26,000 pounds equivalent per 
acre. Entering the nomographic chart Figure 3-3 with 
this new V' value, we find erosion to again be off the 
scale or less than 0.5 tons per acre per year. 
Note that either of the suggested solutions would 
reduce erosion to a satisfactory ievel. 
EXAMPLE NO.2 
The second example site is located on 1-80 near 
Oasis, Nevada (NE corner of the state), where wind is 
picking up sediment from a grubbed area and depositing 
it in a cut area and onto two traffic lanes. A 
sketch of the site is shown in Figure D-B. 
Soil particles larger than 0.84 mm 
Slope gradient of grubbed area to windward 
Standing Ii tter 
Roller corrugations Kr 
Unshielded fetch 
Mean wind direction Feb. to May 
(measured counterclockwise 
Prepond.erance Feb. to May 
from 1330 
from East) 
72% 
1.7% 
0.023% 
3 in. 
500 ft 
2.8 
C' for February = 200, March 
May = 260 
640, April = 520, 
Computation Total 1620 
I 
K' 
V' 
Enter Table 3-1 in· column 2, line 70 and read 
from noncrusted erodibility I 10 ton/ac. 
Enter Figure 3-0 on the base scale with slope 
gradient 1.7 percent and proceed vertically to 
curve (a), thence to left scale and read Is = 
1.3. 
I' = I x Is = 10 x 1.3 = 13 tons/Ac 
Enter Figure 3-1 on the base with a Kr of 3 
inches. Move vertically to curve, thence left to 
scale and read K' = 0.49. 
Multiply percent of litter 0.023 by 106 to get R' 
R' 0.023 ~ x 1,000,000 
230 pounds/ac 
Enter the left scale of Figure 3-2 with this 
value and move right to "standing" curve, drop to 
the base and read V'=1,050 pounds/ac equivalent. 
L' 500 feet measured in field. 
I' x K' = 13 x 0.49 
or 6.4 tons/ac. 
6.37 
I'K' x C' = 6.37 x 16.20 
103.19 or 103 tons/ac. 
Erosion is read with I'·K', I'-K'-C', L' 
nomograph, Figure 3-3, at 35 tons/ac. 
area 500 feet long would have a width 
87 feet. A cut strip source 400 feet 
and V' from the 
A I-acre source 
of 43,560/500 = 
long would have 
• 
APPENDIX D 
EXAMPLES OF WIND EROSION CALCULATIONS 
EXAMPLE NO.1 
At Sioux City, Iowa, highway 1-29 crosses the 
Missouri River (see Figure D-A). The fill for the 
bridge approach is dredged from the river to form the 
bridge cones at a 2.5:1 slope. The cone is to be 
exposed during the months of January, February, March, 
and April. What is the wind erosion potential during 
this time and what can be done to decrease it? 
A sample of the surface soil is screened with a 
20 mesh sieve and all but 2 percent passes through. 
Seventy-five percent of the area is crusted. 
The wind direction and preponderance maps show 
the prevailing erosive wind direction and preponder-
ance to be as follows: 
January 
February 
March 
April 
Direction 
Counterclockwise 
From East 
135 
135 
135 
135 
Preponderance 
2.50 
1.67 
1.67 
1.67 
7.51 
Product 
337.50 
225.45 
225.45 
225.45 
1013.85 
1013.85/7.51 = 135 for mean direction and 7.51/4 
1.88 for the mean preponderance. 
This says that nearly twice as much erosive wind comes 
from the northwest during the four months as from any 
HIGHWAY 
other direction. This is the direction from which 
knoll erosion is to be evaluated. The slope gradient 
of the cone face on which the wind impinges is 40 
percent on 2.5:1 (see Figure D-A), and the exposed 
length of the cone face from toe to top in the 
direction the wind is traveling is 100 feet. From the 
climatic factor maps, Figures D-1 and D-2; the C' 
factors are January = 15, February = 35, March = 60, 
and April = 45 or a total of 155 percent of the value 
of Garden City, Kansas, for the same four months. The 
site is smooth but has a sufficient number of I-inch 
high rocks to give a K' factor of 0.62 (see Figure 
3-1). There is a concentration of 0.1 percent in 
incorporated water weeds, drift wood, and other 
vegetative components which produce a V' factor of 
3,350 (see Figure 3-2). The river at this point is 
1,220 feet wide so no upwind barriers need to be 
considered. 
Soil particles larger than 0.84 mm 
Area covered by crust 
Area not covered by crust 
Slope gradient 2.5:1 
Incorporated litter 
Height of roughness elements 
Wind direction 
Wind preponderance 
Exposed slope length (on slope) 
C' for Jan. = 15, Feb. = 35, Mar. = 60, 
April = 45 
Total 
1220' 
RIVER 
2% 
75% 
25% 
40% 
0.1% 
1.0 in. 
SSE 
1.88 
100 ft 
155% 
Figure D-A. Sketch of wind erosion effect on highway bridge cone. 
D-1 
a total area of 400/87 or 4.6 acres and would produce 
4.6 x 35 = 161 tons of sediment. If the soil at this 
site weighs 1.25 tons/yd3 , this would be 161/1.25 = 
129 yds 3 of material between the crest of the cut 
which is 32 feet high and a point 320 feet (10 x 32) 
downwind. This wou.1d place the toe of the deposit at 
about the middle of the eastbound lane, and its 
average depth would be more than 1 foot. 
Possible Treatments 
1. Apply 1,000 pounds/ac of hydromulch, which 
forms a crust. From Table 3-1 the I value would 
become 1.7 instead of 10. The R~ now increases from 
230 pounds per acre to 230 + 1,000 = 1,230 pounds per 
acre. Entering Figure 3-2 at R' = 1,000 pounds per 
acre, proceeding horizontally "to the mulch curve, and 
then down to the V' scale we read a value of 3,250. 
Adding the original 1,050 to this amount gives a" V' 
value of 4,300 equivalent pounds per acre. The change 
in these two factors reduces the erosion to less than 
3 tons per acre. 
2. Seed the area and apply straw mulch at the 
rate of 0.75 tons/ac tacked with 1,250 pounds of 
asphalt, which is the amount needed for a seedbed and 
temporary water erosion control. Combining the R' 
values of the mulch and asphalt (R' = 1,500 and R' = 
1,250) and entering Figure 3-2 with R' = 2,750, we get 
a V' value of 12,700 pounds equivalent. Adding 
this to the 1,050 pounds equivalent obtained previous-
ly, we get a total V' value of 13,750 pounds equiva-
lent. This V' factor would reduce the wind erosion to 
well below the required 5 tons/ac/yr. 
3. Install fiber glass roving at 1,000 pounds/ac 
tacked with 125 gals/ac asphalt. This relatively 
permanent treatment would reduce Ito <0.3 and I' to 
< 0.39 tons/ac. If the asphalt weighs 1,250 pounds/ac 
the R' would be 1,250 and V' = 4,460. Adding this to 
the 1,050 obtained previously gives a total V' value 
of 5,450 pounds equivale'l1~. Using nomographic chart 
3-3, we find the wind erosion to be reduced to "a 
value below the 0.5 tons/ac minimum on the scale. 
EXAMPLE NO.3 
The third example site is one located on 1-10 
near Lordsburg, Hidalgo County, New Mexico, where the 
wind blows unrestrained across a playa-like area. 
When the wind is laden with dust it seriously im-
pairs visibility. Precipitation is high enough to 
support desert grassland vegetation from the monsoonal 
summer rains. A sketch of the site is shown in Figure 
D-B. 
D-4 
Soil particles larger than 0.84 mm 
(crusted) 
Slope gradient to windward (plain) 
Standing litter (2.5" tall) 
Hillocks and hummocks 
Unshielded fetch 
Mean erosive wind direction from 510 
(counter clockwise from East) 
10.0% 
0.3% 
0.05% 
2.5 inches 
850 feet 
Preponderance March to August 1.5 
C' values: Mar. = 150, April = 190, May 180, 
June = 150, July = 75, Aug. = 30 
C' Total 775 
Computation 
I Enter Table 3-1, column 0, line 10, in crusted 
surface section and read 22.3 tons/ac. 
Is Since the source area is a plain Is = 1.0. 
I' Multiply 1.0 x 22.3 = 22.3 tons/ac. 
K' Enter Figure 3-1 with 2.5 inches and read 0.5 for 
the roughness factor. 
I~K' Multiply 22.3 x 0.5 = 11.15 tons/ac. 
V' Multiply litter 0.0005 by 106 to get 5&0 for R'. 
Then enter Figure 3-2 with 500 (standing) to get 
V' = 3,150. 
I~K~C' Multiply I~K' by C' 
I~K~C' = 11.15 x 7.75 86.41 
L' Measured in field = 850 feet. 
Erosion is read from the nomographic chart, 
Figure 3-3"~" to get 19 tons/ac erosion. 
Treatments 
1. Add 0.75 tons/ac of grass or straw mulch 
punched in, seeded, and tacked wi th 1,250 pounds of 
asphalt; This will raise the V' from 3,150 to 15,950 
pounds equivalent per acre (R' = 2,750 and Figure 
3-2 gives V' = 12,800; 12,800 + 3,150 = 15,950). The 
erosion would now reduce (Figure 3-3) to less than 0.5 
ton/acre which is the minimum on the nomographic 
scale. 
2. A rock mulch could be spread from the nearby 
Pyramid Hills which could change the composition of 
the soil surface so 80 percent would not pass the 20 
mesh screen. With the soil crusted this would 
change I from 22.3 to 0.3 ton/ac. I'·K' would then 
become 0.15 ton/ac and I'·K'·C' 1.16 tons/ac. This 
would reduce erosion also to a value less than the 0.5 
tons/ac" minimum on the nomograph scale. 
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Sketch for wind erosion example No.2. 
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Sketch for wind erosion example No.3. 
Figure D-B. Wind erosion sketches. 
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Figure D-2. Wind erosion C' factor isomaps for the United States (March and April). 
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Figure 1>-1. Wind erosion C' factor isomaps for the United States (January and February). 
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Figure D-4. Wind erosion C' factor isomaps for the United States (July and August). 
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Figure D-3. Wind erosion C' factor isomaps for the United States (May and June). 
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Figure 1>-6. Wind erosion C' factor isomaps for the United States (November and December). 
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Figure D-5. Wind erosion C' factor isomaps for the United States (September and October). 
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It ., 
" 
.. .. 
l' 
I-' 
I-' 
• • • .. • ~ 
~'~---=-1--I-l 
,HAWAII , 
~ 2.0 
I , 
, 
HAWAii 
'.8--+---
us .I~ 
No C' value. Ireat.:r thaD 0.1 percellt 
No (;' valulI!'lI "r .... tel' thilln O. I p ... r."l'nt Nu C valuiI'1i greater than 0, I percent 
~ 
Scola .~ ScOI. 
.1-. \ 
'.Z' ~--t----l 
January February 
t-----.. --b-----,l.-...J I ! l_-+.-_ 
March 
HAWAII 
~" c· \, .. 1110"" ~n'at",r than O. I po'r",ent 
~ 
... ~ ~ , .... ~ 
. --- ---1 .- ---1 
L--- -.-- --j------ ,LJ I ~ ---~-.-
April May June 
Figure D-7. Wind erosion C' factor isOmaps and wind direction and preponderance for the Hawaiian Islands (January thr<lugh JUJ;1e). 
l' 
... 
~ 
I'? - -_of fr- ---r- ., I ~ k . 1/:__ I~~ '~~.. rn~,. 
~-- J " 
L_._._. __ ..L __ •. __ _. 
.. , 
........ 
July 
r ---
:~ r '\5 V/~ 
l ~ 
• 
l_ 
October 
r 
'i 
I 
J I r I 
b-
t5 
._, 
I 
r 
1. 
August 
Ir ~ 
I 
'" 
L ~r,~ !1. 
<t\ l~ 
i 
November 
~I ll" 
+ ., 
, .... _J 
'~ 
....il 
-+ 
'T""f'" "; 
. {:., 
... 
L--.-:f 
,~r 
!~ 
, . 
'\5 
'.\ 
September 
1.----, ~C,., -'T'" , I " 
\ :\~ \ 
, \ UUI 
\, \' -t+ 
10 ;1 
. ,I _lJ (" ..?\.. ·r:....{. 
f·l 
I '" ..-~ . 
L 
- - -. - +-
~.~ ~. 
~ LJ " 
i 
I I--~j-
December 
Figure D-IO. Wind erosion C' factor isomaps and wind direction and preponderance for the Hawaiian Islan~ (July through December) • 
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Figure D-9. Wind erosion C' factor isomaps and wind direction and preponderance for the Hawaiian Islands (January through June). 
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Figure D-13, Wind erosion C' factor isomaps and wind direction and preponderance for Alaska 
(January through June), 
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Figure D-14. Wind erosion C' factor isomaps and wind direction and preponderance for Alaska 
(July t~rough December). 
D-18 
\ 
-f 
} 
l 
/ 
JANUARY 
FEBRUARY 
5.0 
\.----1 
SCAU' 
5.0 
~CAlEI 
Figure D-15. Wind direction and preponderance for the United States (January and February). 
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Figure D-16 •. Wind direction and preponderance for the United States (March and April). 
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Figure D-17. Wind direction and preponderance for the United States (May and June). 
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Figure D-18. Wind direction and preponderance for the United States (July and August). 
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Figure D-19. Wind direction and preponderance for the United State~ (September and October). 
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Figure D-20. Wind direction and preponderance for the United States (N~vember and December). 
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APPENDIX E 
DETERMINATION OF ''R'' FROM RAINFALL INTENSITY AND DURATION DATA 
FOR A SINGLE STOIM 
E.1;m 
1 
wherein 
Xl 
(E-1) 
rainfall intenaity for period 1 
(inchea/hr) 
rainfall depth for period 1 (inchea) 
number of periods in a .torm 
If 130 i. the _n- 30 IliDite iQtell8ity for 
the m periods then the atorm II is I tilDea 130. Thia 
would be in the .... unit. as R or 11/100. 
ANNUAL II 
The Equation 1-1 ie repeated on all ator. in 
each year of record. The annual maximum 30-minute 
intensity i. au1tiplied by the .um of each year'. I 
for the .ame year for each year of record. The •• 
year. of II va1uea are plotted on 101 nor .. l paper and 
the two-year II deter.1oed. Thi. value is the R value 
for the site. 
SAMPLI CALCULATION 
Sinal. Storm 11 
The followinl data pertain to a stora which 
occurred at the Great lasia Ixperi.eatal Area on 
August 13, 1965. The storm ..... ivided into iDtervala 
accordiua to u... period. of fairly _iform iDt .. ai-
tie., a. sholm. 
Acc...al.ated 
Depth 
of Depth 
Ti.. 'recipi- for Iat..-
Storm Time IDcre .. nt. tation Interval .!!U Eller., 
Belan 19:00 
19:17 
19:30 
Inded 20:30 
17 IliDlt .. 
13 IliDlt .. 
60 llillllt .. 
0.0 
0.70 
0.80 
0.83 
0.0 
0.700 2.471 7.32 
0.100 0.462 0.80 
~ 0.03 JW! 
0.83 I - total 8.24 
The 30 llilll te _d_ ft. ton./acre inch iDt ... ity i. calculated aa 
followa: 
17 8illltes at 2.471 ia/hr. 
13 llilllt .. at 0.462 ia/hr. 
17 + 13 - 30 81111t_ 
Total depth of raiD iD thi. period.- 0.70 + 0.10 
- 0.80 iD. 0.80 iDche. in 30 .inute. 18 
1.60 inch.. per bou!'. Total atorm enarlY -
8.24 ft. tou/acre 1Dcb. Total .torm 11 -
8;24 x 1.600 - 13.184 ft toas/acre ia/hr/100. 
1-1 
Annual EI 
Repeat the process de.cribed above to obtain E 
values for each storm of ~he year. Storms at the 
Great Basin Experimental Area station during 1965 
yielded values of I a. follow.: 0.31, 0.31, 0.40. 
7.99, 0.16. 1.01, 0.26. 1.09. 0.77. 0.02, 2.62, 1.08, 
0.04, 1.08. 0.49, 0.30, 0.26, 0.16~ 4.05, 0.04. 1.14. 
3.31, 2.49. 0.07. 0.32. 0.26. 2.19. 0.12. 0.36, 0.16, 
0.05. 1.08. 8.24. 0.04. 0.76. 0.24. 2.78, 1.81. 0.03, 
0.94. 0.03. 0.65. 0.73. 1.11, .0.17. 0.09. 0.28. 
0.31, 0.04. 0.26, 0.15. 0.21. 0.20. 0.44, 0.15, 0.13, 
0.46, and 1.05 • 98.85. (Hote that the.e value. have 
alr .. dJ been divided by 100). 
The _XimUIl 30 minute inten.ity durinl this 
year VB. 1.60 inches per hour and the annual II is 
98.85 x 1.60 • 158.16 ft ton./acre in/hr/100. 
11 values for other year. of record at this 
sa.e .tation are the following: 
26.44 x 0.568· 15.02 
13.39 x 0.364· 4.87 
98.85 x 1 .• 600 • 158.16 
10.47 x 0~360· 3.77 
22.95 x 0.464. 10.65 
4.13 x 0.300· 4.43 
62.18 x 0.702. 43.55 
15.54 x 0.286· 4.44 
21.94 x 0.480. 10.53 
16.62 x 0.548 - 9.11 
15.77 x 0.473· 7.46 
17.10 x 0.407· 6.96 
To obtain the Jl value th .. e 11 valu.. are ranked 
and plotted on 101 norul paper USing 100./n+1 as the 
plotti .. poaitioD. The 2 year return i. couldered to 
be the _aD annusl value which by defiD1U.on i. the Jl 
value. Thi. is read a. 8.3 for the value. liveD. 
Monthly or S ... oul 11 
As the Equation 1-1 is uaed to c~ute the energy 
for individual .torms, all storm enaqi .. for each 
month can be rallked for each yeer and plotted a. for 
the aDnual value. on loa probability paper after the 
multiplication by the re.pective 30 lIilllte iDtenaiti .. 
aDd each _an annual January. February, March, etc. 
value ned off. If these valu .. are edded acc.-.la-
tively throulh the year. they becOll8 as a percentage 
of the annUal va1o_, the curve. liven in Figur •• 5-4, 
5-5, and 5-6 • 

